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ABSTRACT 

Aims. In order to gain insights into the variability behaviour of the circumstellar (CS) atomic gas, we have analysed 337 multi-epoch 
optical spectra of 38 Herbig Ae/Be (HAeBe) stars. 

Methods. Equivalent widths (EWs) and line fluxes of the Ho-, [Oi]6300, Hei5876 and NaiD lines were obtained for each spectrum; 
the Ho- line width at 10% of peak intensity (Wio) and profile shapes were also measured and classified. The mean line strengths and 
relative variabilities were quantified for each star. Simultaneous optical photometry was used to estimate the line fluxes. 
Results. We present a homogeneous spectroscopic database of HAeBe stars. The lines are variable in practically all stars and 
timescales, although 30 % of the objects show a constant EW in [Oi]6300, which is also the only line that shows no variability 
on timescales of hours. The He i5876 and Na iD EW relative variabilities are typically the largest, followed by those in [O i]6300 and 
Ho-. The EW changes can be larger than one order of magnitude for the Hei5876 line, and up to a factor 4 for Ha. The [Oi]6300 
and Ho- EW relative variabilities are correlated for most stars in the sample. The Ho- mean EW and Wio are uncorrected, as are their 
relative variabilities. The Ha profile changes in ~ 70 % of the objects. The massive stars in the sample (M, > 3 Mq) usually show 
more stable Hey profiles with blueshifted self-absorptions and less variable 10% widths. 

Conclusions. Our data suggest multiple causes for the different line variations, but the [Oi]6300 and Ho- variability must share a 
similar origin in many objects. The physical mechanism responsible for the Ha- line broadening does not depend on the amount of 
emission; unlike in lower-mass stars, physical properties based on the Ho- luminosity and W 10 would significantly differ. Our results 
provide additional support to previous works that reported different physical mechanisms in Herbig Ae and Herbig Be stars. The 
multi-epoch observations we present are a useful tool for understanding the origin of the CS lines and their variability, and to establish 
distinctions in the physical processes operating in pre-main sequence stars. 

Key words. Stars: pre-main sequence - Stars: activity - circumstellar matter - Astronomical data bases - planetary systems: proto- 
planetary disks - 



1. Introduction 

Herbig Ae and Be (HAeBe) stars are intermediate mass, pre- 
main sequence (PMS) objects, which are considered as the 
possible progenitors of Vega-like stars surrounded by circum- 
stellar (CS) debris disks and, eventually, p lanets. The spectro- 
scopic monitoring of some sources (see e.g. Praderie et al.l l 986; 
lPogodin|[T99lt iRodgers etal]|2002t iMora et al.ll2002l |2004|) re- 
vealed that the spectra of HAeBe objects are not only charac- 
terized by the presence of emission lines, but also by the com- 
plex variations observed in both the emission and absorption fea- 
ture s. This variability is also characteristic of T -Tauri stars (see 
e.g. iJohns & Basril 1 1995t. ISchisano et al.l l2009l and references 
therein). 

The optical spectra of PMS stars show several important 
features that have been related to different physical processes. 
Magnetospheric accretion models have succeeded in repro- 



ducing the profiles and strengths of the Ha an d NaiD line s 
(lHartmann et al.l Il994t iMuzerolle et all Il998allbl I2001L |2004). 
Despite the u nknown nature of the magnetic field s in HA eBe 
stars ( see e.g.lWade et alJl2005t lAlecian et al]|2007b IWade et all 



The Ha line has also been associated 
or with combined magneto- 
pheric accretion- wind models dKurosawa et al.ll2006l) . The Ha 
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120071: iHubrig et alJ 120091. magnetosph eric accretion has been 
shown to act in sev eral HAe objects (IMuzerolle et al.l 12004; 
Mott ram et al, 

with winds (ICabrit et all Il990h 

s i 

line width at 10% of peak intensity is us ed to estimate accre- 
tion rates in lower-mass PMS stars (see e.g.lWhite & Basrife 003: 
iNatta etalJ 12004 Uavawardhana et all 120061) . The rOil6300 
line ha s been associated with accretion-powered outflows and 
winds dFinkenzellerll 19851; iBohm & Catalalll994HBohm & Hirthl 
ll997 HCorcoran& Ravi 11 9971 119981). and with the stellar UV- 
lumin osity and disk-shape dAcke et alj|2005h Ivan der Plas et al.l 
2008). The high temperature close to the stellar surface, which 
is generated in the accretion shock , has been suggested to 
be responsible for the Hei5876 line (Tam bovtseva et alj|1999b 
iGrinin et all 1200 ll) . NaiD lines seen in absorption describe the 
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complex g as motions characteriz ing the CS medium around 
PMS stars dMoraet al.ll2002ll2004 . 

Most spectroscopic studies are based on isolated spectra of 
different sources or have been focused on particular objects. The 
different approaches explaining the physical origin of the lines 
can profit fr om multi-epoch s pectroscopic data. The EXPORT 
consortium (Eir oa etalJ gOOO) monitored a large number of 
intermediate-mass PMS stars, allowing for an extensive and ho- 
mogeneous study of their spectroscopic variability. In this pa- 
per we analyse EXPORT multi-epoch optical spectra of HAeBe 
stars, specifically the lines Ha, [O i]6300, He i5876, Na i D 2 5890 
and Di5896. The photometric and spectroscopic variability of 
those objects requires simultaneous measurements to obtain ac- 
curate values for the line fluxes. These are derived using the al- 
ready publis hed simultaneous opti cal photometry of the stars in 
our sample (lOudmaiier et aLlfeOOll) . We will present a dataset 
comprised of multi-epoch line equivalent widths, fluxes, Her pro- 
files and widths, which is provided as a valuable observational 
legacy of the spectroscopic behaviour of HAeBe stars. We anal- 
yse and quantify the observed changes in the different lines and 
look for general trends, mainly focused on the equivalent width 
variability. A more specific analysis will be made in subsequent 
papers. 

Sect. |2]describes the sample and spectra. Sect.|3]presents our 
results. They are analysed in Sect. |4] which describes the spec- 
troscopic variability shown by the different lines (Sect. 14.11 for 
Ha, Sect.gjfor [Oi]6300, Sect.g3]for Hei5876, Sect. l44l for 
Na iD and Sect. l4.5l for a compendium of the spectroscopic char- 
acterization). Sect.[5]discusses the results and Sect. [6]includes a 
brief summary and conclusions. 



2. Sample properties and observations 

Table Q] (left side) shows the 38 stars in the sample. Cols. 1 to 
3 indicate the name of the star, the spectral type, and the stellar 
mass. While most of the objects are HAeBe stars (covering al- 
most all these objects in the Northern hemisphere from the cata- 
logue of lThe et al.l 19941) . 10 of them have spectral types ranging 
from F3 to Gl. The stellar masses range between ~ 1- 6 M©. 
As a selection criterion, all objects show the Ha l ine in emis- 
sion. The sample span the 1 — 15 Myr age-range (Man oi~et al.l 
2006; iMontesinos et al.l l2009). which is the period of the evolu- 
tion from protoplanetary to young debris disks and the epoch of 
planet formation. There is a good balance between variable and 
non-variable objects, according to their simultaneous photopo- 
larim etric behaviour (Oudmaiier et "aT1 120011: lEiroa et aT 2001, 
120021) . 

The spectra w ere obtained by the EXPORT consortium 
( lEiroa et al.l l2000h with the long slit Intermediate Dispersion 
Spectrograph (IDS) on the 2.5 m Isaac Newton Telescope (INT). 
The typical spectral resolution is R ~ 5500, covering the wave- 
length range AA 5800-6700 A. The slit width was 1" projected 
on the sky (i.e. narrow enou gh to avoid confusion in most bi- 
naries of the sample; see e.g. IWheelwright et al.ll2010l and ref- 
erences there in). Details of the observations and data reduction 
are given by Mor a et al 1 (120011) . The stars were observed over 
one or more of the four EXPORT runs. The right side of Table 
Q] shows the log of the observations, illustrating the monitoring 
timescales: from days to months in general, and for a few stars 
even hours. A total of 337 spectra were obtained, ranging from 
3 to 18 per star, typically 6-10 spectra per object. In order to 
study the non-photospheric contribution (see Sect. |3), additional 
spectra of 28 spectroscopic standard MS stars were also taken in 
the same campaigns and with the same configuration. 



3. Results 

The contribution of the CS component to the spectra of the PMS 
sample was estimated from the spectra of the standard MS stars 
with similar spectral types. These were rotationally broadened 
using the projected rotational velocities derived by Mora et al. 
(2001) for the PMS objects. The non-photospheric contribution 
is given by the residuals obtained from the subtraction of the 
broadened standard spectra from the observed PMS spectra. The 
results refer to the normalized non-photospheric spectra. 

Table I A. 1 1 gives estimates of the equivalent widths (EWs) 
of the Ha, [Oi]6300, Hei5876, NaiD 2 and NaiDi lines for all 
spectra of our sample. The Ha widths at 10% of peak intensity 
(W10) and profile types (see below) are also listed. As usual, pos- 
itive and negative EW values correspond to absorption and emis- 
sion features, respectively. When a spectral line is seen partly 
in absorption and partly in emission, only the strongest com- 
ponent (i.e., that with the largest |EW|) is included. This dou- 
ble contribution appears mainly in the He i5876 line, which usu- 
ally shows both a redshifted absorption and a blueshifted emis- 
sion. Although a specific analysis of this behaviour is beyond the 
scope of this work, it probably indicates the presence of hot in- 
falling gas close to the stellar surface. In addition, the He i5876 
and NaiD lines change from absorption to emission in several 
objects. 

Conservative EW uncertainties were estimated by determin- 
ing the maximum and minimum EW values from two differ- 
ent continuum levels that are located below and above unity 
(~ 1 + 1.5cr), respectively. Both continuum levels bracket the 
adjacent noise to each spectral line. Typical median uncertain- 
ties are 3%, 8%, 10%, 20% and 30% of the EW values in the 
Ha, NaiD 2 , NaiDi, Hei5876 and [Oi]6300 lines, respectively. 
Typical EW-uncertainties are larger than, or simila r to, the typ- 
ical strength of telluric absorption lines (see e.g . ICaccin et aH 
U985tlLundstrom et all 1 9911 iReipurth e"talTl 996). Telluric vari- 
ability is also in general negligible compared with that reported 
for the lines (see below). Uncertainties for W10 are typically ~ 
1% of its value. 

We follow the two-dimensional scheme by Reipurth et al. 



( 1996) to classify the observed Ha profiles: type I are symmet- 
ric with no or very weak dips; type II are double-peaked pro- 
files with the secondary peak higher than half the strength of 
the primary; type III have a secondary peak less than half the 
strength of the primary and type IV are P Cygni-type profiles. 
The scheme incorporates the designations "R" or "B" to indicate 
if the secondary peak is redshifted or blueshifted with respect to 
the primary. If both peaks have equal strengths, only the profile 
type is indicated. For type IV, the letters indicate a P-Cygni pro- 
file ("B") or inverse P Cygni ("R"). The letter "m" is added when 
more than one absorption appears, and also when small dips are 
apparent in the type I profiles. 

An object is considered as 'variable' in the EW of a line 
when its value differs in two or more spectra, taking into ac- 
count the individual uncertainties. We use the relative variability 
|cr(EW)/<EW>| as a reliable measurement of the strength of the 
EW-changes, where cr is the standard deviation from the individ- 
ual EW measurement s of a given staf] and <EW> is the mean 
line equivalent width. iJohns & Basril ( 1995_j) used an equivalent 
parameter to characterize the variability of the Ha intensity in 
several T-Tauri stars. The non-variable objects tend to show the 
lowest values of |cr(EW)/<EW>|; in these stars this ratio only 
contains information about the precision of the measurements. 

1 i.e. for N spectra, cr = [—^(EWi - <EW>) 2 ] 1/2 
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Table 1. Sample of stars and log of the INT/IDS spectra analysed. 



Star 


Spectral type 


M, 




1998 May 






1998 Jul 






1998 Oct 




1999 Jan 


Ntot 






(M Q ) 


14 


15 


16 


17 


28 


29 


30 


31 


24 


25 


26 


27 


28 


29 30 


31 




HD 31648 


A5 Vep 


2.0 


















1 




1 


1 


1 


1 1 


1 


7 


HD 34282 


A3 Vne 


<2.l A 


















1 


1 


1 


1 


1 


1 1 


1 


8 


HD 34700 


GO IVe 


2.4 s 


















1 


1 


1 


1 




1 1 


1 


7 


HD 58647 


B9 I Vep 


6.0 




























1 1 


1 


3 


HD 141569 


B9.5 Vev 


2.2 A 


1 


1 


1 


1 




1 


1 


1 












1 1 


1 


10 


HD 142666 


A8 Ve 


2.0 A 


1 


1 


1 


1 


1 


1 


1 


1 












1 1 


1 


11 


HD 144432 


A9 IVev 


2.0 4 


1 


1 


1 


1 


1 


1 


1 


1 












1 1 


1 


11 


HD 150193 


A2IVe 


2.2 




1 


1 


1 
























3 


HD 163296 


Al Vepv 


2.2 


1 


1 


1 


1 


1 


2 


2 


2 
















11 


HD 179218 


AO IVe 


2.6 




1 


1 


1 
























3 


HD 190073 


A2 IVev 


5.1 


1 


1 


1 


1 


1 


1 


1 


1 
















8 


AS 442 


B8 Ve 


3.5 




1 


1 


1 


1 


1 




















5 


VXCas 


AO Vep 


2.3 










1 


1 


1 


1 


1 


1 


1 


1 


1 


... 1 


1 


11 


BHCep 


F5 Illev 


1.7* 




1 


1 


1 


1 


1 


1 


1 


2 


2 


2 


2 


1 


... 1 




17 


BOCep 


F5 Ve 


l.5 A 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




1 


13 


SVCep 


A2IVe 


2.4 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 ... 




14 


VI 686 Cyg 


A4 Ve 


>3.5 A 


1 


1 


1 




1 


1 


1 


1 


1 


1 


1 


1 


1 






12 


RMon 


B8 Illev 


>5.l A 




























1 1 


1 


3 


VY Mon 


A5 Vep 


>5A A 




























1 1 


1 


3 


51 Oph 


B9.5 Hie 


4.2 


1 


1 


1 


1 


1 


1 


1 


1 
















8 


KKOph 


A8 Vev 


2.2 A 


1 


1 


1 


3 


1 


1 


1 


1 
















10 


TOri 


A3 IVev 


2.4 


















1 


1 




1 


1 


1 1 


1 


7 


BFOri 


A2 IVev 


2.6 


















1 


1 


1 


1 


1 


1 1 


2 


9 


COOri 


F7 Vev 


>3.6 A 


















1 


1 


1 


1 


1 


1 1 


1 


8 


HK Ori 


Gl Ve 


3.0 4 


















1 


1 


1 


1 


1 


1 1 


1 


8 


NVOri 


F6 Illev 


2.2 


















1 


1 


1 


1 


1 


1 1 


1 


8 


RYOri 


F6 Vev 


2.5 A 




















1 


1 


1 


1 


1 1 


1 


7 


UX Ori 


A4IVe 


2.3 


















1 




2 




1 


1 2 


4 


15 


V346 Ori 


A2 IV 


2.5 


















1 


1 


1 


1 


1 


1 1 


1 


8 


V350 Ori 


A2 IVe 


2.2 


















1 




1 




1 


1 1 


1 


7 


XY Per 


A2 IV 


2.8 










1 


1 


1 


1 






1 




1 


1 1 


1 


1 1 


VVSer 


AO Vevp 


4.0 




1 


1 


1 


1 


3 


3 


3 






1 




1 






18 


CQTau 


F5 IVe 


1.5 B 






















1 




1 


1 1 


1 


8 


RRTau 


AO IVev 


5.8 






















1 




1 


1 1 


1 


8 


RYTau 


F8 Illev 


1.3 C 






















1 






1 1 




6 


PX Vul 


F3 Ve 


1.5 A 










1 


1 


1 


1 






1 




1 






9 


WW Vul 


A2IVe 


2.5 


1 


1 


1 


1 


1 


1 


1 


1 






1 




1 






13 


LkHa 234 


B5 Vev 


>5.3 A 










1 


1 


1 


1 






1 




1 
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References and notes to TableUJ Left side: spectral types are from Mora et al.^2001 ). The non-flagged stellar masses are from Montesinos et al. 
(2009) and references therein. Flagged numbers are from ^Man oiet alj i2006h . B I Alonso-Albi et alj (12009). c Merfn (2004). Uncertainties for 
the stellar mass can be found in some of the references and are around 12%. Right side: The number of spectra per star is given for each 
observing day. The last column indicates the total number of spectra per object. 



o"(Wio)/<Wiu> an d cr(L)/<L> are used to assess the relative 
variability of the Ha line width and that of the line luminosities. 

Table [2] gives the mean line equivalent widths and their 
relative variabilities. Mean values and relative variabilities of 
Wio(Ha) are also given, as well as the number of spectra dis- 
playing the corresponding Ha profiles. Uncertainties are listed 
for the non-variable stars in a given spectral line. 

Table IA.2I shows the lin e fluxes for the spectra with simul- 
taneous optical photometry (Oudmaiie r et al .i hoOlh . They were 
estimated using the EWs in Table I A. fl and the V and R magni- 
tudes obtained during the same night, taken within a time span 
of less than 2-3 hours. Fluxes are derived for 137 spectra (i.e. 
41% of the initial 337 spectra) of 36 stars (the initial sample ex- 
cluding AS 442 and R Mon). We used the expre ssion F = Fp X 
|EW|/10°- 4 "', with F the zero-magnitude fluxes (lBesselllll979h 
and m the V (for the NaiD and Hei5876 lines) or R (for the Ho- 
and [Oi]6300 lines) magnitudes. We also computed fluxes for 
the NaiD and Hei5876 lines that showed positive EWs, mean- 



ing the stellar flux absorbed by the lines. These fluxes are related 
to the amount of gas in the line of sight, traced by these species. 

Table [3] shows the typical (mean) line luminosities of each 
star, obtained by averaging the fluxes in Table lA.2l and assuming 
spherical symmetry. The distances considered are indicated in 
Col. 3. The line luminosity relative variabilities are also given, 
although the statistics is poorer than for the EWs, because of the 
lower number of spectra with simultaneous photometry (given 
in Col. 2). 

The reddening towards the objects is low for most stars, with 
very few exceptions (E(B-V) < 0.1 for almost half of the ob- 
jects, and E(B-V) ~ 1 for the m ost reddened sources -V1686 
Cyg and LkHa 234-. lMerinl2004l) . The fact that our multi-epoch 
line fluxes and luminosities are not de-reddened avoids introduc- 
ing additional uncertainties and does not affect the analysis and 
discussion in the following sections. 



3 



I. Mendigutfa et al.: Optical spectroscopic variability of Herbig Ae/Be stars 
Table 2. Mean equivalent and line widths, relative variabilities, and He profiles. 



Star 


<EW> 


<W 10 > Profile type (N spcclra ) 


<EW> 


<EW> 


<EW> 


<EW> 






Ha 


Ha 


Ha 


[Oi]6300 


Hei5876 


NaiD 2 


NaiD, 






(A) 


(km/s) 




(A) 


(A) 


(A) 


(A) 


HD 31648 


-19.4 [0 


10] 


>557 [0.19] 


IIIB(7) 




-0.41 [0.34] 


-0.64 [0.16] 


-0.61 [0.15] 


HD 34282 


-5.0 [0 


22] 


>628 [0.19] 


IIIR(3) IIIB(3) IIIRm(2) 




0.18 [0.28] 


0.10 [0.20] 


0.06 [0.33] 


HD 34700 


-2.4 [0 


12] 


355 [0.06] 


1(6) IIIR(l) 






0.09 [0.22] 


0.08 ± 0.01 


HD 58647 


-11.4 ± 


0.3 


616 ±6 


IIR(3) 


-0.06 [0.50] 


-0.13' ± 0.04 


0.15 [0.20] 


0.13 ±0.02 


HD 141569 


-6.0 ± 


0.1 


>641 [0.02] 


IIR(10) 


-0.14 [0.21] 




0.1 [0.30] 


0.1 [0.50] 


HD 142666 


-4.0 [0 


25] 


540 [0.24] 


IIIR(4) IIIRm(4) IIB(l) IIR(1) 


-0.010* ± 0.009 


0.19 [0.47] 


0.21 [0.19] 


0.18 [0.22] 


HD 144432 


-11.8 [0 


10] 


>441 [0.23] 


IIIB(ll) 


-0.013* ± 0.006 


-0.29 / [0.55] 


(-0.27 [0.63]) 


-0.26* [0.46] 


HD 150193 


-13.8 [0 


06] 


>481 [0.11] 


IIIB(3) 




-0.2 i f ± 0.07 


-0.36 ± 0.06 


-0.28 ± 0.06 


HD 163296 


-22.8 [0 


08] 


690 [0.09] 


IIIB(8) 1(3) 


-0.03* [0.67] 


(0.54 [0.93]) 


-0.47 [0.36] 


-0.46 [0.33] 


HD 179218 


-13.6 [0 


05] 


475 [0.02] 


K3) 


-0.03 [0.33] 


(0.04 [1.75]) 


-0.05 ± 0.01 


-0.03 [0.67] 


HD 190073 


-25.6 [0 


05] 


391 [0.03] 


IVB(5) 1(3) 


-0.03* [1.00] 


-0A7 f [0.13] 


-1.02 [0.04] 


-0.85 ± 0.02 


AS 442 


-32.7 [0 


12] 


646 [0.05] 


IIIB(5) 


-0.09 ± 0.02 


0.19 [0.37] 


0.76 [0.22] 


0.63 [0.19] 


VXCas 


-22.1 [0 


51] 


650 [0.15] 


IIR(7) IIB(3) IIIR(l) 


-0.21 [0.76] 


0.61 [0.41] 


0.53 [0.53] 


0.47 [0.45] 


BHCep 


-6.2 [0 


37] 


700 [0.09] 


IIR(5) IIIR(5) IIIBm(4) IIRm(2) IIBm(l) 


-0.03* [0.67] 


0.36 [0.53] 


0.44 [0.36] 


0.37 [0.38] 


BO Cep 


-7.5 [0 


21] 


645 [0.12] 


IIR(7) IIIRm(2) IIIR(2) IIB(l) IIRm(l) 


-0.17 ± 0.02 


0.31 [0.64] 


0.26 [0.35] 


0.21 [0.33] 


SV Cep 


-11.7 [0 


08] 


705 [0.07] 


IIR(7) IIB(5) IIIR(2) 


-0.13 ±0.01 


0.47 [0.45] 


0.31 [0.39] 


0.26 [0.38] 


VI 686 Cyg 


-22.7 [0 


42] 


>458 [0.10] 


IIIB(7) IIIBm(5) 


-0.30 [0.77] 


(0.25* [0.88]) 


1.57 [0.47] 


0.86 [0.69] 


RMon 


-114 


± 2 


832 [0.01] 


Im(3) 


-5.0 ±0.1 


i.2 f ± 0.2 


-0.15 ±0.02 


-0.47 ± 0.06 


VY Mon 


-41 


± 1 


711 [0.03] 


IIIB(3) 


-1.9 ±0.1 




2.32 ± 0.07 


1.53 [0.05] 


51 Oph 


-3.3 ± 


0.1 


521 [0.03] 


IIB(8) 




-0.1 [0.30] 


(-0.06* [0.83]) 


(-0.14 [0.57]) 


KK Oph 


-74.1 [0 


15] 


607 [0.08] 


1(3) Im(3) IIR(3) IIB(l) 


-2.41 [0.22] 


(0.46 [0.56]) 


(-0.4 [1.12]) 


(-0.22 [1.68]) 


TOri 


-21.5 [0 


27] 


675 [0.05] 


IIR(7) 


-0.13 [0.31] 


0.58 [0.28] 


0.42 [0.40] 


0.30 [0.40] 


BFOri 


-9.9 [0 


06] 


752 [0.09] 


IIR(7) IIB(2) 


-0.04 [0.25] 


0.67 [0.31] 


0.60 [0.33] 


0.50 [0.30] 


COOri 


-21.1 [0 


11] 


549 [0.06] 


1(5) Im(3) 


-0.29 [0.24] 


0.07* [1.14] 


0.31 [0.55] 


0.27 [0.41] 


HKOri 


-57.6 [0 


27] 


582 [0.06] 


IIB(4) IIR(3) 1(1) 


-1.29 [0.26] 


0.40* [0.48] 


(0.35 [0.80]) 


(0.34 [0.65]) 


NVOri 


-4.0 [0 


05] 


608 [0.11] 


IIIR(3) IIR(3) Im(l)IIB(l) 


-0.012* ± 0.006 


0.20* [0.50] 


(-0.21 [0.86]) 


(-0.22 [0.73]) 


RYOri 


-15.8 [0 


23] 


611 [0.06] 


IIR(6) IIB(l) 


-0.12 [0.50] 


0.59 [0.44] 


0.98 [0.30] 


1.01 [0.30] 


UX Ori 


-9.3 [0 


33] 


>659 [0.14] 


Im(8) IIIRm(3) IIRm(2) IIBm(l) IVR(l) 


-0.05 ± 0.01 


(0.27 [0.78]) 


(-0.25 [0.92]) 


(-0.13 [1.23]) 


V346 Ori 


-3.8 [0 


24] 


908 ± 55 


IIIRm(5) IIIBm(3) 






(0.15 [0.80]) 


(0.11 [0.73]) 


V350 Ori 


-12.3 [0 


17] 


722 [0.06] 


IIR(4) IIIR(2) IIIRm(l) 


-0.13 [0.31] 


0.43 [0.37] 


0.71 [0.18] 


0.60 [0.27] 


XY Per 


-9.8 [0 


11] 


726 [0.02] 


IIB(6) IIR(3) IIRm(l) IIBm(l) 


-0.04* [0.75] 


0.23 [0.43] 


0.55 [0.16] 


0.44 [0.11] 


VV Ser 


-49.7 [0 


05] 


695 [0.04] 


IIR(8) IIB(8) 11(2) 


-0.54 [0.11] 


(0.57 [0.47]) 


0.83 [0.19] 


0.71 [0.24] 


CQTau 


-4.8 [0 


31] 


>531 [0.24] 


IIIR(5) IIR(2) Im(l) 


-0.06 [0.50] 


0.10* [1.00] 


0.39 [0.26] 


0.33 [0.24] 


RRTau 


-25.6 [0 


34] 


683 [0.02] 


IIR(5) IIB(3) 


-0.39 [0.23] 


0.43 [0.18] 


0.76 [0.21] 


0.66 [0.20] 


RYTau 


-15.3 [0 


19] 


680 [0.12] 


IIB(3) IIIB(l) IIBm(l) IIR(l) 


-0.75 ± 0.05 


(-0.24 [1.12]) 


(0.48 [0.90]) 


(0.41 [0.98]) 


PX Vul 


-14.4 [0 


08] 


626 [0.05] 


IIIB(5) Im(2) IIB(2) 


-0.08 [0.25] 


0.19* [0.74] 


0.17 [0.23] 


0.16 [0.19] 


WW Vul 


-19.1 [0 


10] 


744 [0.06] 


IIB(9) IIR(4) 


-0.09 [0.22] 


0.69 [0.35] 


0.66 [0.35] 


0.50 [0.44] 


LkHa 234 


-69.9 [0 


07] 


762 [0.04] 


IIB(6) IIIB(3) 


-0.57 [0.12] 


0.81 [0.23] 


(-0.39 [2.51]) 


(-0.22 [3.30]) 



Notes to Table |2) Values from the data in Table IA. II Numbers in brackets are the EW relative variabilities. Typical uncertainties are 
5(|cr/<EW>|) ~ 0.03, 0.15, 0.16, 0.14 and 0.12 for the Ha, [Oi]6300, Hei5876 and NaiD, and D, lines, respectively. <5(o-/<W 10 >) ~ 0.01. 
Propagated uncertainties (±) are indicated for the non-variable objects. Values in parentheses indicate those lines shown both in absorption 
and emission. Only the values of the most frequent absorption/emission behaviour are considered in these cases to derive the mean values. * 
indicates that there is at least one spectrum not showing the line. indicates that the line is not detected. ' indicates that the Hei5876 line 
has only one component (absorption or emission) in all spectra. 



4. Analysis 

4.1. The Ha line 

Our data show that the Ha emission line remains constant, at 
least on timescales of days-months, for HD 141569 and 51 Oph, 
based on 8 and 10 spectra, respectively. In addition, Ha is non- 
variable in HD 58647, R Mon and VY Mon; however, there are 
only three spectra per object, so that variability at timescales 
longer than days cannot be excluded. The remaining stars show 
EW(Ha) variability. 

The typical Ha relative variability, |cr/<EW>|, is 0.19 
(mean) and 0.15 (medianfl Ha EW variations up to a factor 
E W„ M v/E W m ,'„ ~ 4 can be observed for individual stars (e.g. 



2 In order to improve the reliability of the typical values and ranges 
derived, the 33 objects with 5 or more spectra are usually taken as a 
reference. 



V1686 Cyg, VX Cas). The <EW>(Ha) ranges between -2 and 
-74 A, with typical values of -19.4 A (mean) and -14.4 A (me- 
dian) 

All objects change their Wi (Ha) but HD 58647 with only 
three measurements and V346 Ori with very large uncertainties. 
The typical relative variability is only cr(Wio)/<Wio> = 0.09 
(mean), 0.07 (median). Some stars show Wio(Ha) changes up to 
a factor ~ 2.5 (e.g. CQ Tau). The <Wio>(Ha) ranges from 355 
km s _1 to 908 km s _1 and is typically around 640 km s _1 

Changes of both EW and Wio are seen on timescales as short 
as hours from the five objects with more than one spectrum per 
night. Our data show typical changes of a factor ~ 1.1 in both pa- 
rameters on this timescale. The strongest variations occur over 
longer timescales however, i.e. weeks-months, at least in our 
database. 

Variations in the line profile are very frequent -only 18% of 
the stars display the same type in all spectra- and are common on 
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Table 3. Mean line luminosities. 



Star 


N S pectra 


d 


<L> 


<L> 


<L> 


<L> 


<L> 






Ha 


[O i]6300 


Hei5876 


NaiD 2 


NaiDi 






(pc) 


(xlO 31 erg s" 1 ) 


(xlO 29 erg s~') 


(xlO 30 erg s" 1 ) 


(xlO 30 erg s~') 


(xlO 30 erg s~') 


HD 31648 


3 


146 


10.4 [0.15] 




2.35 [0.45] 


3.91 [0.21] 


3.86 [0.15] 


HD 34282 


2 


164' 


0.50±0.08 




0.195 [0.27] 


0.100 [0.36] 


0.0644 [0.50] 


HD 34700 


1 


336 4 


2.0±0.3 






0.7+0.2 


0.6+0.2 


HD 58647 


1 


543 


179+10 


81+30 


22+9 


57+4 


26+4 


HD 141569 


4 


99' 


2.51+0.09 


6±1 




0.47+0.05 


0.481 [0.47] 


HD 142666 


3 


145' 


0.81±0.08 




0.57+0.07 


0.470 [0.15] 


0.40+0.04 


HD 144432 


3 


145' 


4.79 [0.11] 


0.4* ±0.4 


0.860 [0.53] 


0.928 [0.68] 


1.0+0.1 


HD 150193 


2 


203 


6.2±0.3 




0.9+0.2 


1.4+0.2 


1.1+0.2 


HD 163296 


3 


130 


21.3 [0.05] 


1.50* [1.73] 


5.68 [0.41] 


2.96 [0.39] 


3.13 [0.48] 


HD 179218 


1 


201 


18±1 


4±1 


0.7+0.2 


0.6+0.1 


0.3+0.1 


HD 190073 


1 


767 


360±12 


82±10 


68+10 


746+10 


728+10 


VXCas 


6 


619 


4.88 [0.18] 


3.83 [0.16] 


1.69 [0.62] 


1.11 [0.41] 


7.02 [0.40] 


BH Cep 


7 


450' 


1.26 [0.16] 


0.784 [0.60] 


0.537 [0.61] 


0.669 [0.38] 


0.578 [0.53] 


BOCep 


5 


400' 


1.11 [0.24] 


2.6+0.5 


0.464 [0.55] 


0.277 [0.51] 


0.232 [0.46] 


SV Cep 


5 


596 


6.52 [0.08] 


7+1 


2.46 [0.41] 


1.48 [0.49] 


7.27 [0.42] 


VI 686 Cyg 


6 


980' 


6.19 [0.44] 


7.85 [0.35] 


(0.471 [0.90]) 


2.64 [0.81] 


7.47 [0.97] 


VYMon 


1 


800' 


8.2±0.2 


39+4 




7.5+0.1 


7.02+0.08 


51 Oph 


3 


142 


23±2 




8+2 


2.49* [1.06] 


8+2 


KK Oph 


3 


160' 


1.03±0.03 


3.54 [0.09] 


(0.0630 [0.42]) 


(0.0227 [0.31]) 


(0.0282 [0.28]) 


TOri 


3 


472 


12.6 [0.13] 


7.49 [0.27] 


1.972 [0.22] 


2.18 [0.30] 


7.52 [0.34] 


BF Ori 


4 


603 


14.8±0.6 


8+1 


9.86 [0.57] 


9.66 [0.49] 


9.38 [0.23] 


CO Ori 


5 


450' 


5.27 [0.07] 


6.58 [0.22] 


0.0573* [2.24] 


0.469 [0.94] 


0.397 [0.72] 


HKOri 


5 


460' 


9.98 [0.41] 


23.9 [0.4] 


0.590* [0.68] 


(0.565 [0.20]) 


(0.566 [0.27]) 


NVOri 


5 


450 2 


3.5±0.2 


0.457* [2.24] 


1.22* [0.68] 


1.75 [0.16] 


1.71 [0.21] 


RYOri 


4 


460 


1.99 [0.12] 


1.43 [0.44] 


0.460 [0.22] 


0.993 [0.33] 


7.07 [0.33] 


UXOri 


5 


517 


10.8 [0.21] 


6+1 


(2.73 [0.65]) 


(2.36 [0.30]) 


(1.08 [0.69]) 


V346 Ori 


3 


586 


3.2±0.4 






(1.55 [0.42]) 


(7.7S [0.43]) 


V350 Ori 


2 


735 


4.8±0.2 


5+1 


7.5+0.2 


2+1 


2.6+0.2 


XYPer 


4 


347 


9.00 [0.28] 


4.37* [0.87] 


2.35 [0.41] 


4.51 [0.19] 


3.58 [0.14] 


VVSer 


7 


614 


17.3 [0.06] 


19.8 [0.18] 


1.28 [0.25] 


1.67 [0.20] 


7.47 [0.26] 


CQTau 


5 


130 3 


0.501 [0.19] 


0.49+0.08 


0.70*±0.02 


0.409 [0.18] 


0.576 [0.11] 


RRTau 


5 


2103 


169 [0.18] 


253 [0.14] 


24.4 [0.41] 


42.4 [0.33] 


37.7 [0.33] 


RYTau 


5 


134 2 


0.850 [0.09] 


4.4+0.3 


(0.0694 [0.26]) 


(0.0993 [0.47]) 


(0.103 [0.50]) 


PX Vul 


5 


420' 


2.76±0.09 


1.71 [0.28] 


0.210 [0.62] 


0.227 [0.27] 


0.218 [0.22] 


WW Vul 


6 


696 


15.3 [0.07] 


8.13 [0.22] 


5.83 [0.29] 


6.00 [0.42] 


4.79 [0.50] 


LkHa 234 


4 


1250' 


43.9±0.6 


36+3 


2.71 [0.19] 


1.18 [0.62] 


0.8+0.2 



Notes to Table[3] Values from the data in Table IA. 21 Numbers in brackets are the line luminosity relative variabilities. Typical uncertainties 
are 5(cr/<L>) ~ 0.06, 0.1, 0.2, and 0.1 for the Ho-, [Oi]6300, Hei5876 and NaiD lines, respectively. Propagated uncertainties (±; distance 
errors not considered) are indicated for the non-variable objects. Italic numbers refer to lines seen in absorption and values in parentheses are 
those lines shown both in absorption and emission. Only the values of the most frequent absorption/emission behaviour are considered in these 
cases to derive the mea n values. * indicates that there is at least one spectrum not showing the lin e. indica t es that t he line is not detected . 
The distances are fr om Montesinos et al. (2009) by default, the remaining ones are taken from 'Manoj et al. (2006), ^Blondel et al. (2006), 
iGarcia Lopez et al. (2006). lAcke et alj 120051) . 



timescales of days; ~ 73% show variations from one day to the 
next one. Some extreme cases are VV Ser, changing from type 
IIR to type IIB profiles practically from spectrum to spectrum, 
and UX Ori, BO Cep and BH Cep, which show five different 
profile types. BH Cep also shows the fastest variation, changing 
from IIB to IIIB in less than one hour. The high-mass objects 
in our sample tend to show the same Ha profile type during a 
given observing run, i.e. on timescales of a week, and all objects 
showing stable Ha profiles only on shorter timescales have M, 
< 3 M . 

All Ha profiles classified by Rei purth et al.1 (1 1996b are ob- 
served in our sp ectra with a similar distribution (see also 
IVieira etaT1l2003l) : type II profiles are the most frequent (52% 
of the observations), followed by type III (32%) and I (13%). P- 
Cygni type profiles are the least common (less than 3%). "R" and 
"B" profiles appear almost in the same proportion (44% versus 
43%). However, B profiles are mainly shown by the most mas- 
sive objects in our sample (the stars with M, > 3 M0 have "B" 



profiles in 60% of the spectra; in fact only they show P-Cygni 
signatures). "R" profiles dominate in the HAe and lower-mass 
range of our sample (47% of the spectra, against 37% in "B"). 



4.2. The [O \]6300 line 

Thirty-two out of the 38 stars show the [Oi]6300 emission 
line. The line is variable in ~ 70% of the stars; typical values 
of |cr/<EW>| are 0.51 (mean) and 0.26 (median). The largest 
EW variations -a factor ~ 7-9- are seen, as for the Ha line, in 
V1686 Cyg and VX Cas. [Oi]6300 variability is not detected 
on timescales of hours. For seven objects, the line is seen only 
in several spectra. The emission is very faint in these stars and 
their |<x/<EW>| values should be taken with caution. They could 
be affected by telluric variability or by artefacts from the telluric 
emission subtraction. Higher SNR spectra of the objects with 
the weakest [O i]6300 line would be necessary to better estimate 
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their line relative variability. Typical <EW([Oi]6300)> values 
are -0.29 A (mean) and -0.12 A (median). The difference be- 
tween the mean and median values comes from the few objects 
showing |<EW([0 1]6300)>| » 1 A. 

Most of the stars display a single-peaked almost symmetric 
low-velocity component. For the few objects with profiles dif- 
ferent from single-peaked, the emission tends to be faint and the 
SNR low, probably distorting their profiles. 

4.3. The \-\e\5876line 

Only 4 out of the 38 stars do not show the He i5876 line in any of 
their spectra. The line is present in the rest of the stars, although 
five objects do not show it in all their spectra. In seven stars the 
line appears either in absorption or in emission, depending on 
the observing date. In most cases, 84% of the objects, the line is 
present either fully in absorption, or the absorption is dominant. 
All objects show variations in the EW of the line, with the ex- 
ception of HD 150193, HD 58647, and R Mon. There are only 
three spectra available for each object, thus we cannot exclude 
that this result is due to the comparatively poor spectroscopic 
coverage. 

Changes in EW(Her5876) take place in all timescales. The 
relative variability range is 0.12 < |<t/<EW>| < 1.22, with a typ- 
ical value of 0.53 (mean) and 0.46 (median). The variability is 
larger in those objects where the line is dominated by absorp- 
tion. Line EW variations up to a factor EW mflA /EW m ,„ -13 can 
be observed in these cases (e.g. BO Cep), compared to a factor 
~ 6 for the objects showing the line emission (e.g. HD 144432). 
The typical mean and median value of |<EW(Hei5876)>| is 0.38 
A, ranging between -0.47 < <EW(Hei5876)> < 0.81 A. 

4.4. The NaiD lines 

NaiD lines are seen in absorption for most of the cases (~ 70 
% of the stars). The NaiD absorption lines can have a non- 
negligible interstellar contributio n owing to c louds in the line 
of sight of our objects (see e.g. Redfield 2007). Therefore, sev- 
eral EWs given in Tables lATI and |21 should be considered as up- 
per limits to the CS absorption. The timescale variability of the 
interstellar absorption is, ho wever, much longer than th at cov- 
ered by our spectra (see e.g. lLauroesch & M eyer 2003). Thus, 
the observed variability of the Na iD lines is caused by the CS 
gas component. 

There are seven objects with a constant EW in the NaiD 
lines. Again, apart from HD 34700 and HD 190073, only three 
spectra are available for each one. The remaining objects show 
EW variability. As expected, the relative variability is equal in 
both NaiD lines (~ 0.50), within the uncertainties. As for the 
He i5876 line, the smallest EW BMV /EW m , n factors are shown by 
the objects with Na iD in emission (up to a a factor ~ 4 in e.g. HD 
163296, against a factor ~ 6 for objects with the lines in absorp- 
tion such as CO Ori). Na iD EWs do not usually change in hours. 
The only exception is HD 163296; its NaiD emission changed 
a factor ~ 2 in one night (29-Jul-1998), but no variations were 
detected the two following nights. We note that variations on 
timescales of hours have been repor ted for UX Ori using higher 
resolution spectra dMora et al.ll2002l) . The typical <EW(Na iD)> 
in our sample is ~ 0.40 A. 

The Na iD ratio is a good indicator of the o ptical thickness at 
these wavelengths (e.g. lMora et al . 2002, 2004). Changes in the 
optical depth of the CS medium in the line of sight are observed 
in almost all objects, however, averaged values indicate optically 



thick media for most of the stars (<EW(NaiD 2 )/EW(NaiDi)> ~ 
1). 

4.5. Compendium of the EW variability 

Table[4]summarizes typical values for the equivalent widths and 
their relative variabilities, the minimum and maximum values, 
the percentage of objects showing line variations, and the num- 
ber of objects with variability on a timescale of hours. We remark 
that this one refers only to a sample of five stars with that spec- 
troscopic timescale coverage. The percentage of objects where 
the corresponding line is undetected is also given. The values in 
the last three rows of the bottom panel are derived considering 
both NaiD lines. 

In general, CS absorption features show a larger EW vari- 
ability than the emission lines. The EW relative variability is 
significantly higher for the Hei5876, NaiD and [Oi]6300 lines 
than for Ha. In addition, approximately 30 % of the objects show 
a constant [Oi]6300 equivalent width, but the remaining lines 
are variable in practically all stars in which these are detected. 
Considering the short timescale variations, the number of vari- 
able stars is similar for the He i5876 and Ha lines, a small per- 
centage seems to present Na iD variability, while no star shows 
changes in [Oi]6300. 

Finally, when simultaneous EWs and line fluxes are com- 
pared, the relative variability of the EWs tends to be equal to or 
an upper limit of that of the line fluxes for most of the stars. 

5. Discussion 

The described results indicate that the physical conditions in the 
line-forming regions are highly complex and variable on prac- 
tically any timescale, and that the use of individual EW or line 
flux measurements could lead to biased conclusions. Averaged 
EW values are likely more representative, which might be spe- 
cially true for the absorption component of the He i5876 line, 
where the variations can be larger than one order of magnitude. 
Our sample shows that there is no significant correlation between 
the mean strengths and their relative variabilities, therefore, both 
are necessary to completely characterize the line behaviour of 
the stars. 

Although a detailed study of the physical origin of the lines 
and their variations is beyond the scope of this work, the ob- 
served differences between the typical variabilities of the fea- 
tures, both in strength and in timescale, suggest multiple causes 
for the different line variations. In addition, our results show 
that there are no clear correlations among the relative variabil- 
ities of the different lines, excluding the obvious relation be- 
tween the NaiD2 and Di changes, and the one between Ha 
and [Oi]6300. Fig. Q] shows the Ha and [Oi]6300 EW relative 
variabilities of the sources with a clear detection of the [Oi] 
line in all their spectra (this avoids possible telluric/instrumental 
effects; see Sect. I4.21 i. The Spearm an's probability of false 
correlation (see e.g. IConoverlll980l) is only 0.19%. Although 
|cr/<EW>|([0 1]6300) tends to be larger than |cr/<EW>|(Ha), the 
strength of the corresponding EW variations are coupled in many 
stars. This suggests that the EW variations share a common ori- 
gin. One possibility is that Ha and [Oil630 are affected by 
accre t ion-w ind variability (see below and e.g. ICorcoran & Ravi 
119971 119981) . Variability in the UV radiation wou ld have in- 
fluenc e on the strength of the [Oi]6300 emission ( Ack e et all 
120051) . Changes in the stellar continuum level could also affect 
the EW variations of both lines simultaneously, as we outline 
below. 
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Table 4. Summary of the typical equivalent and line widths and their relative variability. 





EW(Hq-) 
(A) 


|cr/<EW(Ha)>| 


Wio(Ha) 
(km s" 1 ) 


£7-/<Wio(Ha)> 


mean 


19.4 


0.19 


627 


0.09 


median 


14.4 


0.15 


646 


0.07 


range 


2-74 


0.05-0.51 


355 - 908 


0.02 - 0.24 


% var 




94 




97 


N stals var (hours) 




3 




4 





EW([Oi]6300) 

(A) 


|cr/<EW([Oi]6300)>| 


EW(Hei5876) 
(A) 


|£7-/<EW(Hei5876)>| 


mean 


0.29 


0.51 


0.38 


0.53 


median 


0.12 


0.26 


0.38 


0.46 


range 


0.01-2.41 


0.11 - 1.41 


-0.47-0.81 


0.12-1.22 


% var 




69 




100 


N s tars var (hours) 









3 


% no detection 




15 




9 





EW(NaiD2) 
(A) 


|cr/<EW(NaiD 2 )> 


EW(NaiD,) 
(A) 


|cr/<EW(NaiD,)>| 


mean 


0.40 


0.53 


0.38 


0.57 


median 


0.47 


0.37 


0.33 


0.41 


range 


-1.02-1.57 


0.15-2.51 


-0.85 - 1.01 


0.13-3.27 


% var 






100 




N s tars var (hours) 






1 




% no detection 
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Fig. 1. Equivalent width relative variability of the [O i]6300 line 
against that in Ha for the objects showing clear [O i] detections 
in all their spectra. The dotted line indicates equal values. The 
typical error bars and the Spearman's probability of false corre- 
lation are indicated. 



Line EWs change because the conditions in the CS gas 
vary (producing variations in the line luminosity) and/or be- 
cause there are changes in the continuum level. Most objects 
with significant V-band variability (AV > 0.4) increase their Ha 
and [Oi]6300 EWs as the stellar brightness decreases, leaving 
the corresponding line luminosities almost constant or even de- 
creasing (see e.g. RR Tau on the left panel of Fig. [2] and also 



■g 40 

I 30 
% 

B 20 

3 

£ 

o 

& 2.5 

'S 2 

3 i c 
ft 

£ 0.5 



§ 5 
I 1 4.5 
a 4 
'2 3.5 
& 3 

g2.5 



, 40 - 
: 30- • 

20 - 

10 - ■» 



1 1.2 
V 



I V.5 

g 1 6 

% 4.5 

S 3 
a 



0.35 - 

H 

-T ■ 
"s 10 : 

o 

S? 8 - 

B 6 : 

\ 4 ; 

£ 2 : 



13.6 
V 



Fig. 2. Equivalent widths and line fluxes of the Ha and [O i]6300 
lines against the simultaneous V magnitude dOudmaiier et al.l 
l200ll) for RR Tau and V 1 686 Cyg. 



Rodg ers et al.ll2002h . This behaviour has been explained as due 
to the coronographi c effect caused by dusty clouds that occult the 
stellar surface (iGrinin et al.llT9 94; Rod gers et al.ll2002l) . The EW 
enhancement would result from the contrast between the con- 
tinuum dimming and the almost constant line luminosity. This 
explanation has been suggested for stars showing the UXOr be- 
haviour, but we note that objects such as V1686 Cyg, which is 
not classif ied as an UXOr from its simultaneous optical photopo- 
larimetry (Oudmaijeret al. 2001), show a similar pattern in the 
Ha and [O i]6300 lines (see right panel of Fig |2j. 
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Fig. 3. NaiD and Hei5876 (left panels), [Oi]6300 (middle pan- 
els) and Ha (right panels) lines shown by HK Ori (top panels, 
1998, October 25 and 26), VV Ser (middle panels, 1998, October 
24 and 27) and CO Ori (bottom panels, 1998, October 25 and 
26). The dashed and solid lines correspond to the first and sec- 
ond night. 



Continuum changes can be rejected as the origin of the EW 
variability in other cases. Several examples are given in Fig. 
[3] where the remarkable line variations are not accompanied 
by significant changes in the simultaneous optical brightness 
(lOudmaiier et al.ll200ll) . The main spectroscopic features shown 
by HK Ori during two consecutive nights are plotted in the top 
panels. The appearance of redshifted Na iD emission lines is ac- 
companied by a decrease of the absorption component of the 
Hei5876 line. Simultaneously, the [Oi]6300 and Ho- lines re- 
duce their luminosities by a factor ~ 3. Ho- changes from double- 
peaked to a redshifted single-peaked profile, with Wio remain- 
ing constant. The corresponding NaiD ratios indicate that the 
CS gas changed from optically thick to optically thin at these 
wavelengths. These findings are difficult to interpret, but obscur- 
ing dusty screens in the line of sight are clearly excluded. An 
alternative could be that the accretion and/or wind rate dimin- 
ished from one night to the other and produced the decrease of 
the Ha and [O i] strengths and reduced the gas density, which 
explains the change to optically thin. This would allow the de- 
tection of hot infalling gas very close to the stellar surface, seen 
in emission. The examples in the middle and bottom panels of 
Fig. [3] show that small variations in the Ho- and [Oi]6300 lines 
are again related to each other. 

The data show that the main origin for the EW-variability 
(gas or continuum changes) strictly depends on each star, each 
line considered and the epoch of observation. The complex be- 
haviour of the lines and the continuum requires their simultane- 
ous characterization to distinguish the origin of the spectroscopic 
variability. 

Regarding the Ha line, its relative variability in Wio is twice 
as low as that in the EW, and we find no significant correlation ei- 
ther between the mean widths and line strengths or between their 
relative variabilities. Fig. |4] shows that these parameters have a 
very high Spearman's probability of false correlation. This sug- 
gests that the physical mechanism responsible for the Ha broad- 
ening does not depend on the column density of hydro gen atoms. 
A sim ilar result was found for the [OI]6300 line bv lAcke et al.l 
(2005). Both the Ha luminosity and Wio are used as empirical 
accretion tracers in lower-mass stars (see e.g. iFang et aLl i2009: 
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Fig. 4. Mean value of the width of the Ha line against that of 
the equivalent width (top) and relative variabilities (bottom). 
Triangles are lower limits for <Wio(Ha)>. The Spearman's 
probabilities of false correlation are indicated. 



Javaward hana et al.ll2006l and references therein). Our result in- 
dicates that both Ha measurements would typically produce dif- 
ferent estimates in HAeBe stars. 

Finally, we stress that the Ha behaviour depends on the stel- 
lar mass. The more massive objects in our sample tend to have 
more stable Ha line profiles with blueshifted self-absorptions, 
whic h could be indicative of a str ong wind contribution (see also 
e.g. iFinkenzeller & Mundtl [r984). The less massive stars in our 
sample are slightly dominated by redshifted self-absorptions in 
their H a profiles, which sugge sts that they are influenced by ac- 
cretion ( Muzerolle et al. 2004). In addition, our multi-epoch data 
suggest that the strength of the Wio(Ha) variability is signifi- 
cantly anti-correlated with the mass of the central object. Fig. 
[5] shows our cr/<Wio(Ha)> estimates against the stellar mass. 
Despite the scatter at low masses, almost all stars with M, > 3.0 
M Q show a low Wio(Ha) relative variability (< 0.06). A more ex- 
tended emitting region could produce more stability in the line 
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Fig. 5. Relative variability of the Ha width at 10% of peak in- 
tensity against the stellar mass. Triangles are upper and lower 
limits for M». The typical cr/< Wio(Ha)> uncertainty and the 
Spearman's probability of false correlation are indicated. 

width. Preliminary magnetospheric accretion modelling that we 
are currently applying on HAe stars suggests that changes in the 
size of the magnetosphere and/or in the gas temperature of this 
region could induce significant changes in Wio(Ha) (hundreds 
of km s _1 ). The results found point to different physical pro- 
cesses operating in Herbig Ae and Herbig Be stars, w hich agrees 
with previous spectropola rimetric studies (see e.g. IVink et all 
12001 iMottram et alJl2007h . 

6. Summary and conclusions 

The work presented here shows that multi-epoch spectroscopic 
observations together with simultaneous photometry are an ex- 
tremely useful tool to better understand the variability of the cir- 
cumstellar lines in PMS stars. By means of a large number of 
optical spectra the variability of the Ha, [O i]6300, He i5876 and 
NaiD lines has been analysed in a sample of 38 HAeBe stars. 
These spectra and the simultaneous photometry have allowed 
us to estimate line fluxes and to soundly assess if the observed 
EW variations are caused by changes in the stellar continuum or 
by variations of the circumstellar gas itself. Indeed, the spectra 
and photometry -and their simultaneous character- on which the 
analysis is based constitute one of the largest existing data bases 
to study some of the variability properties in intermediate-mass 
PMS stars. Several specific results we obtained are: 

- The EW variability of the different lines depends on the anal- 
ysed timescale and is independent of the mean line strength. 
The Hei587 and NaiD lines show the largest EW varia- 
tions and can be seen either in absorption or in emission. 
In contrast, [Oi]6300 is the only line without variations on 
timescales of hours and is also the line with variability in a 
smaller percentage of the stars in the sample. 

- There is a correlation between the Ha and [O i]6300 relative 
variabilities, which suggest a common origin. In some stars 
the EW variability of both lines are due to variations of the 
continuum, but in other objects the EW variability reflects 
variations of the line luminosities and, consequently, in the 
CS gas properties. 



- Mean values and relative variabilities of the Ha line width 
Wio and EW are uncorrected in our sample. The lack of 
correlation between both parameters suggests that Ha broad- 
ening does not depend on the column density of hydrogen 
atoms. Thus, estimates of gas properties, such as accretion 
rates, based on the Ha Wio or EW would differ significantly, 
unlike in lower mass stars. 

- The Ha behaviour differs depending on the stellar mass, 
which suggests different physical processes for Herbig Ae 
and Herbig Be stars. The massive stars tend to show sta- 
ble Ha profiles, mainly dominated by blueshifted self- 
absorptions. In addition, stars with M, > 3.0 M show very 
low Wio(Ha) relative variabilities (< 0.06). 

Finally, we point out that in addition to the mean spectra and 
relative variability distributions available as online material, any 
of the spectra can be requested from the authors and will also be 
available from Virtual Observatory tools soon. 
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Table A.l. Equivalent widths, Ha widths at 10% of peak intensity and Ha profile types on different observing Julian Dates. 
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o 


0.02 


-0.19 


0.07 


-0.28 


0.05 


-0.25 


0.05 




0950 59 


-12 7 


0.4 


>369 


1 


IIIB 


o 


0.02 


-0.4 


0.1 


-0.41 


0.06 


-0.31 


0.06 




0951 55 


-12 9 


0.9 


>343 


4 


IIIB 


o 


02 


-0 4 


1 


-0 32 


0.06 


-0.25 


0.06 




1023 42 


-112 


0.6 


576 


6 


IIIB 


04 


O 09 

u.uz 


1 f. 
-U. 10 


07 

u.u / 


-U. ID 


0.04 


-0.45 


0.09 




1 094 40 


-12 


1 


534 


9 


IIIB 


-0 03 


02 


-0 16 


07 


-0 08 


0.03 


-0.31 


0.09 




1025.39 


-10.7 


0.3 


583 


6 


IIIB 


-0.04 


0.02 


-0.2 


0.1 


-0.04 


0.02 


-0.17 


0.05 




1026.38 


-9.6 


0.3 


568 


6 


IIIB 


-0.03 


0.02 


-0.11 


0.08 


0.08 


0.02 





0.09 




1208.76 


-12.5 


0.4 


>381 


3 


IIIB 





0.02 


-0.2 


0.1 


-0.31 


0.05 


-0.25 


0.05 




1209.75 


-11.7 


0.4 


>352 


3 


IIIB 





0.02 


-0.4 


0.1 


-0.24 


0.04 


-0.23 


0.05 




1210.74 


-11.2 


0.4 


>395 


3 


IIIB 





0.02 


-0.21 


0.07 


-0.31 


0.05 


-0.22 


0.05 


HD 150193 


0949.53 


-13.1 


0.1 


>424 


5 


IIIB 






-0.3 


0.1 


-0.33 


0.08 


-0.26 


0.08 




0950.59 


-14 


1 


491 


8 


IIIB 






-0.22 


0.08 


-0.43 


0.07 


-0.32 


0.08 




0951.56 


-14.8 


0.4 


528 


3 


IIIB 






-0.12 


0.09 


-0.32 


0.06 


-0.25 


0.07 


HD 163296 


0948.59 


-23 


1 


731 


8 


IIIB 





0.02 


0.70 


0.05 


-0.47 


0.03 


-0.54 


0.05 




0949.59 


-24.3 




744 


6 


I 





0.02 


0.36 


0.05 


-0.43 


0.04 


-0.49 


0.05 



12 



Table A.l. continued. 



I. Mendigutfa et al.: Optical spectroscopic variability of Herbig Ae/Be stars 



Star 


JD 


EW 


SEW 


W 10 


fiW 10 


profile type 


EW 


SEW 


EW 


<5EW 


EW 


<5EW 


EW 


<5EW 




(+2450000) Ha 


Ha 


Ha 


Ha 


Ha 


[0 1]6300 [0 1]6300 He i5876 He i5876 Na iD 2 


NaiD 2 


NaiD, 


NaiDi 






(A) 


(A) 


(km/s) 


(km/s) 




(A) 


(A) 


(A) 


(A) 


(A) 


(A) 


(A) 


(A) 




0950.62 


-22.0 


0.8 


700 


4 


I 





0.02 


0.84 


0.07 


-0.29 


0.04 


-0.29 


0.05 




0951.60 


-21.9 


0.2 


695 


8 


I 





0.02 


-0.30 


0.06 


-0.49 


0.06 


-0.49 


0.06 




1023.46 


-23.1 


0.7 


733 


6 


IIIB 


-0.03 


0.01 


-0.4 


0.1 


-0.78 


0.07 


-0.54 


0.06 




1024.46 


-22.5 


0.6 


712 


6 


IIIB 


-0.04 


0.02 


0.48 


0.07 


-0.40 


0.04 


-0.33 


0.04 




1024.53 


-23.2 


0.8 


733 


6 


IIIB 


-0.05 


0.02 


0.57 


0.05 


-0.20 


0.03 


-0.19 


0.03 




1025.43 


-25 


1 


706 


6 


IIIB 


-0.05 


0.02 


-0.6 


0.1 


-0.66 


0.05 


-0.73 


0.04 




1025.49 


-25.4 


0.7 


683 


6 


IIIB 


-0.05 


0.02 


-0.32 


0.06 


-0.66 


0.06 


-0.58 


0.06 




1026.42 


-20.6 


0.8 


592 


6 


IIIB 


-0.02 


0.01 


0.45 


0.05 


-0.39 


0.04 


-0.44 


0.05 




1026.48 


-19.7 


0.5 


557 


2 


IIIB 


-0.04 


0.01 


0.35 


0.04 


-0.45 


0.04 


-0.47 


0.04 


HD 179218 


0949.64 


-12.8 


0.8 


464 


4 


I 


-0.03 


0.01 


0.05 


0.01 


-0.04 


0.01 


-0.02 


0.01 




0950.64 


-14.0 


0.2 


484 


3 


I 


-0.04 


0.01 


0.03 


0.01 


-0.06 


0.01 


-0.01 


0.01 




0951.65 


-14.0 


0.2 


478 


3 


I 


-0.01 


0.01 


-0.08 


0.03 


-0.04 


0.01 


-0.06 


0.01 


HD 190073 


0948.73 


-25.3 


0.9 


411 


2 


I 





0.02 


-0.50 


0.06 


-1.09 


0.05 


-0.85 


0.04 




0949.64 


-25.1 


0.9 


407 


1 


I 





0.02 


-0.51 


0.07 


-1.02 


0.05 


-0.85 


0.04 




0950.65 


-24.4 


0.8 


397 


2 


I 





0.02 


-0.53 


0.08 


-1.00 


0.04 


-0.82 


0.04 




0951.65 


-23.6 


0.6 


379 


2 


IVB 





0.02 


-0.52 


0.06 


-1.02 


0.05 


-0.85 


0.04 




1023.53 


-26 


1 


381 


2 


IVB 


-0.07 


0.02 


-0.37 


0.04 


-1.04 


0.06 


-0.92 


0.07 




1024.55 


-26.0 


0.8 


378 


2 


IVB 


-0.06 


0.01 


-0.45 


0.06 


-0.96 


0.04 


-0.84 


0.05 




1025.51 


-27.0 


0.8 


389 


2 


IVB 


-0.06 


0.02 


-0.44 


0.06 


-1.00 


0.05 


-0.83 


0.04 




1026.51 


-27.6 


0.7 


387 


1 


IVB 


-0.06 


0.02 


-0.42 


0.07 


-1.01 


0.04 


-0.85 


0.04 


AS 442 


0949.66 


-36.1 


0.7 


669 


5 


IIIB 


-0.08 


0.04 


0.11 


0.03 


0.88 


0.02 


0.70 


0.02 




0950.66 


-34.3 


0.6 


649 


5 


IIIB 


-0.12 


0.05 


0.22 


0.09 


0.86 


0.02 


0.72 


0.02 




0951.66 


-36.2 


0.7 


680 


5 


IIIB 


-0.08 


0.04 


0.29 


0.06 


0.89 


0.02 


0.74 


0.02 




1023.56 


-27.2 


0.5 


614 


6 


IIIB 


-0.10 


0.04 


0.14 


0.05 


0.53 


0.03 


0.49 


0.01 




1024.59 


-30 


1 


616 


5 


IIIB 


-0.06 


0.04 


0.20 


0.06 


0.62 


0.03 


0.52 


0.02 


VX Cas 


1023.69 


-50 


4 


559 


8 


IIR 


-0.54 


0.05 


0.20 


0.05 


0.49 


0.02 


0.41 


0.02 




1024.72 


-37 


3 


554 


6 


IIR 


-0.44 


0.05 


0.4 


0.1 


0.70 


0.05 


0.7 


0.1 




1025.70 


-24 


2 


638 


11 


IIR 


-0.33 


0.06 


0.84 


0.09 


1.26 


0.07 


0.95 


0.05 




1026.69 


-20 


1 


635 


5 


IIR 


-0.20 


0.06 


0.8 


0.1 


0.60 


0.04 


0.5 


0.1 




1111.52 


-16.7 


0.6 


738 


4 


IIB 


-0.11 


0.04 


0.31 


0.07 


0.30 


0.02 


0.26 


0.02 




1112.54 


-18.0 


0.7 


671 


7 


IIB 


-0.13 


0.02 


0.36 


0.06 


0.31 


0.02 


0.28 


0.04 




1113.52 


-16.0 


0.8 


707 


9 


IIR 


-0.08 


0.03 


0.93 


0.07 


0.34 


0.02 


0.33 


0.03 




1114.51 


-15.9 


0.4 


828 


17 


IIB 


-0.13 


0.03 


0.67 


0.06 


0.37 


0.02 


0.32 


0.02 




1115.50 


-15.4 


0.6 


757 


9 


IIR 


-0.14 


0.02 


0.70 


0.08 


0.36 


0.02 


0.32 


0.02 




1209.36 


-14.7 


0.7 


535 


7 


IIR 


-0.15 


0.02 


0.9 


0.1 


0.67 


0.03 


0.61 


0.05 




1210.36 


-15.6 


0.8 


529 


7 


IIIR 


-0.06 


0.02 


0.60 


0.08 


0.46 


0.04 


0.42 


0.07 


BH Cep 


0949.70 


-5.5 


0.2 


779 


10 


IIR 


-0.04 


0.02 


0.20 


0.09 


0.42 


0.03 


0.41 


0.09 




0950.70 


-6.2 


0.1 


619 


2 


IIIR 





0.03 


0.4 


0.1 


0.52 


0.04 


0.41 


0.04 




0951.73 


-5 


1 


788 


33 


IIIR 





0.03 


0.3 


0.2 


0.60 


0.05 


0.5 


0.2 




1023.60 


-4.6 


0.1 


645 


13 


IIR 





0.03 


0.4 


0.1 


0.73 


0.03 


0.54 


0.03 




1024.65 


-5.6 


0.5 


599 


23 


IIIR 


-0.02 


0.01 


0.6 


0.1 


0.64 


0.04 


0.7 


0.3 




1025.59 


-4.2 


0.5 


603 


33 


IIIR 


-0.02 


0.01 


0.71 


0.08 


0.54 


0.03 


0.42 


0.02 




1026.56 


-4.0 


0.3 


678 


9 


IIIR 





0.03 


0.53 


0.07 


0.53 


0.01 


0.42 


0.01 




1111.41 


-11.1 


0.6 


650 


6 


IIR 


-0.06 


0.03 


0.24 


0.08 


0.30 


0.03 


0.25 


0.02 




1111.49 


-12.6 


0.4 


665 


7 


IIR 


-0.03 


0.01 


0.3 


0.1 


0.34 


0.02 


0.27 


0.03 




1112.36 


-6.6 


0.2 


766 


9 


IIRm 


-0.04 


0.02 


0.60 


0.09 


0.57 


0.03 


0.44 


0.07 




1112.46 


-6.2 


0.2 


801 


8 


IIRm 


-0.03 


0.01 


0.61 


0.09 


0.57 


0.02 


0.43 


0.08 




1113.36 


-4.7 


0.3 


720 


6 


IIIBm 


-0.03 


0.01 


0.17 


0.04 


0.32 


0.02 


0.25 


0.02 




1113.49 


-4.5 


0.2 


692 


7 


IIIBm 


-0.02 


0.01 


0.18 


0.07 


0.28 


0.02 


0.23 


0.02 




1114.37 


-6.5 


0.2 


709 


9 


IIBm 


-0.07 


0.02 


0.10 


0.03 


0.26 


0.02 


0.21 


0.02 




1114.49 


-6.8 


0.3 


728 


13 


IIIBm 


-0.05 


0.02 


0.07 


0.03 


0.24 


0.01 


0.20 


0.01 




1115.37 


-6.6 


0.2 


709 


10 


IIIBm 


-0.05 


0.02 


0.31 


0.05 


0.22 


0.01 


0.20 


0.01 




1209.33 


-5.3 


0.2 


742 


6 


IIR 





0.03 


0.45 


0.06 


0.34 


0.02 


0.37 


0.05 


BO Cep 


0949.71 


-9.6 


0.3 


647 


4 


IIR 


-0.21 


0.09 


0.16 


0.04 


0.30 


0.05 


0.22 


0.02 




0950.71 


-7.6 


0.2 


623 


5 


IIB 


-0.19 


0.08 


0.26 


0.09 


0.29 


0.05 


0.22 


0.03 




0951.72 


-9.2 


0.4 


614 


15 


IIR 


-0.15 


0.07 


0.05 


0.03 


0.23 


0.03 


0.18 


0.03 




1023.61 


-3.9 


0.2 


663 


12 


IIR 


-0.15 


0.08 


0.22 


0.07 


0.28 


0.04 


0.23 


0.03 




1024.67 


-5.1 


0.2 


568 


12 


IIIRm 


-0.11 


0.07 


0.22 


0.09 


0.41 


0.05 


0.33 


0.09 




1025.60 


-7.4 


0.3 


476 


4 


IIIR 


-0.17 


0.08 


0.32 


0.08 


0.34 


0.04 


0.23 


0.04 




1026.68 


-7.4 


0.1 


562 


3 


IIR 


-0.10 


0.09 


0.67 


0.09 


0.42 


0.04 


0.34 


0.02 




1111.42 


-8.5 


0.2 


658 


9 


IIR 


-0.19 


0.08 


0.12 


0.06 


0.20 


0.02 


0.18 


0.02 




1112.46 


-9.2 


0.3 


775 


7 


IIR 


-0.19 


0.09 


0.57 


0.08 


0.20 


0.02 


0.15 


0.02 




1113.45 


-8.9 


0.3 


729 


7 


IIR 


-0.21 


0.08 


0.40 


0.07 


0.11 


0.02 


0.11 


0.02 



Table A.l. continued. 



I. Mendigutfa et al.: Optical spectroscopic variability of Herbig Ae/Be stars 



Star 


JD 


EW 


SEW 


W 10 


fiW 10 


profile type 


EW 


SEW 


EW 


<5EW 


EW 


<5EW 


EW 


<5EW 




(+2450000) Ha 


Ha 


Ha 


Ha 


Hn 


[0 1]6300 [0 1]6300 He i5876 He i5876 Na iD 2 


NaiD 2 


NaiD, 


NaiDi 






(A) 


(A) 


(km/s) 


(km/s) 




(A) 


(A) 


(A) 


(A) 


(A) 


(A) 


(A) 


(A) 




1114.43 


-6.8 


0.3 


696 


11 


IIIRm 


-0.22 


0.08 


0.62 


0.08 


0.21 


0.02 


0.18 


0.02 




1115.44 


-6.9 


0.3 


660 


7 


IIIR 


-0.16 


0.07 


0.24 


0.06 


0.19 


0.02 


0.16 


0.02 




1210.32 


-7.5 


0.3 


720 


9 


IIRm 


-0.13 


0.04 


0.14 


0.04 


0.23 


0.02 


0.20 


0.03 


SV Cep 


0948.71 


-11.4 


0.3 


715 


10 


IIR 


-0.16 


0.04 


0.16 


0.05 


0.22 


0.02 


0.19 


0.02 




0949.73 


-11.5 


0.5 


694 


11 


IIR 


-0.14 


0.04 


0.31 


0.07 


0.23 


0.02 


0.2 


0.02 




0950.72 


-10.8 


0.5 


678 


6 


IIB 


-0.16 


0.05 


0.25 


0.07 


0.23 


0.02 


0.16 


0.03 




0951.71 


-11.6 


0.4 


719 


6 


IIR 


-0.11 


0.05 


0.34 


0.04 


0.23 


0.02 


0.16 


0.02 




1023.63 


-11.5 


0.5 


619 


7 


IIIR 


-0.11 


0.06 


0.72 


0.09 


0.33 


0.02 


0.28 


0.02 




1024.68 


-11.4 


0.6 


708 


14 


IIIR 


-0.14 


0.04 


0.20 


0.05 


0.53 


0.03 


0.41 


0.02 




1025.62 


-10.2 


0.4 


645 


8 


IIR 


-0.12 


0.04 


0.67 


0.09 


0.55 


0.03 


0.50 


0.06 




1026.60 


-9.9 


0.4 


638 


13 


IIR 


-0.16 


0.05 


0.45 


0.07 


0.45 


0.03 


0.37 


0.03 




1111.44 


-13.0 


0.2 


700 


6 


IIR 


-0.14 


0.05 


0.52 


0.07 


0.22 


0.02 


0.19 


0.02 




1112.49 


-12.8 


0.5 


756 


10 


IIB 


-0.13 


0.04 


0.84 


0.09 


0.22 


0.02 


0.21 


0.02 




1113.47 


-13.4 


0.5 


776 


8 


IIB 


-0.12 


0.05 


0.55 


0.07 


0.21 


0.02 


0.18 


0.02 




1114.45 


-12.3 


0.3 


714 


5 


IIB 


-0.12 


0.04 


0.61 


0.07 


0.42 


0.02 


0.32 


0.02 




1115.46 


-12.1 


0.2 


737 


7 


IIB 


-0.11 


0.04 


0.28 


0.05 


0.28 


0.02 


0.24 


0.02 




1208.32 


-12.1 


0.6 


774 


16 


IIR 


-0.08 


0.04 


0.61 


0.07 


0.28 


0.02 


0.22 


0.02 


VI 686 Cyg 


0948.69 


-25.7 


0.4 


>473 


6 


IIIB 


-0.5 


0.2 


0.19 


0.09 


1.74 


0.09 


0.81 


0.06 




0949.68 


-28.0 


0.5 


>474 


6 


IIIB 


-0.5 


0.1 


0.08 


0.05 


1.5 


0.1 


0.77 


0.05 




0950.68 


-41.3 


0.7 


>528 


8 


IIIB 


-0.9 


0.2 





0.09 


0.6 


0.1 


0.22 


0.03 




1023.54 


-25.4 


0.4 


>466 


5 


IIIBm 


-0.20 


0.09 


-0.1 


0.07 


0.87 


0.06 


0.41 


0.04 




1024.57 


-25.5 


0.4 


>482 


5 


IIIB 


-0.21 


0.09 


0.31 


0.09 


0.94 


0.07 


0.40 


0.04 




1025.53 


-25.8 


0.4 


>476 


5 


IIIB 


-0.20 


0.08 


-0.10 


0.06 


0.94 


0.07 


0.33 


0.05 




1026.52 


-26.5 


0.4 


>502 


12 


IIIB 


-0.13 


0.06 





0.09 


1.15 


0.06 


0.45 


0.05 




1111.36 


-29.4 


0.6 


>476 


8 


IIIB 


-0.22 


0.09 


-0.10 


0.06 


1.12 


0.07 


0.44 


0.05 




1112.41 


-13.8 


0.2 


>387 


6 


IIIBm 


-0.26 


0.08 


0.40 


0.07 


2.46 


0.07 


1.61 


0.08 




1113.38 


-10.6 


0.6 


>374 


10 


IIIBm 


-0.14 


0.07 


0.38 


0.08 


2.53 


0.06 


1.55 


0.06 




1114.39 


-10.3 


0.2 


>408 


5 


IIIBm 


-0.14 


0.08 


0.53 


0.03 


2.7 


0.1 


1.67 


0.07 




1115.40 


-10.4 


0.7 


>444 


10 


IIIBm 


-0.24 


0.08 


0.33 


0.09 


2.28 


0.07 


1.7 


0.1 


RMon 


1208.63 


-115 


3 


824 


1 


Im 


-5.1 


0.2 


1.2 


0.2 


-0.15 


0.03 


-0.46 


0.07 




1209.65 


-111 


3 


841 


8 


Im 


-5.0 


0.2 


1.2 


0.3 


-0.16 


0.02 


-0.44 


0.08 




1210.64 


-115 


3 


832 


10 


Im 


-4.9 


0.2 


1.2 


0.2 


-0.13 


0.02 


-0.51 


0.07 


VYMon 


1208.60 


-42 


1 


726 


3 


IIIB 


-2.0 


0.1 






2.24 


0.09 


1.44 


0.04 




1209.63 


-40 


1 


719 


5 


IIIB 


-1.9 


0.2 






2.34 


0.08 


1.56 


0.05 




1210.63 


-41 


1 


688 


6 


IIIB 


-1.9 


0.2 






2.39 


0.09 


1.6 


0.05 


51 Oph 


0948.62 


-3.3 


0.1 


537 


11 


IIB 






-0.10 


0.04 


-0.08 


0.03 


-0.19 


0.04 




0949.59 


-3.2 


0.2 


529 


14 


IIB 






-0.08 


0.04 





0.03 


-0.08 


0.04 




0950.61 


-3.3 


0.1 


526 


8 


IIB 






-0.11 


0.06 


-0.07 


0.03 


-0.14 


0.04 




0951.59 


-3.2 


0.2 


542 


11 


IIB 






-0.12 


0.04 


-0.04 


0.03 


-0.12 


0.04 




1023.45 


-3.5 


0.2 


509 


10 


IIB 






-0.14 


0.04 


-0.13 


0.02 


-0.24 


0.05 




1024.45 


-3.4 


0.2 


511 


8 


IIB 






-0.12 


0.05 


-0.03 


0.01 


-0.10 


0.02 




1025.42 


-3.3 


0.2 


504 


15 


IIB 






-0.06 


0.02 


0.04 


0.01 


0.03 


0.01 




1026.41 


-3.4 


0.1 


509 


6 


IIB 






-0.08 


0.04 


-0.04 


0.01 


-0.11 


0.02 


KK Oph 


0948.61 


-69 


4 


627 


6 


I 


-2.1 


0.2 


0.4 


0.1 


0.14 


0.04 


0.09 


0.03 




0949.60 


-67 


4 


616 


4 


I 


-2.0 


0.1 


0.6 


0.1 


0.20 


0.05 


0.26 


0.08 




0950.61 


-72 


3 


589 


2 


Im 


-2.8 


0.2 


-0.22 


0.07 


-0.32 


0.07 


-0.15 


0.04 




0951.58 


-76 


5 


594 


3 


Im 


-2.7 


0.2 


0.29 


0.09 


-0.4 


0.1 


-0.21 


0.06 




0951.64 


-67 


2 


557 


5 


Im 


-2.3 


0.2 


0.4 


0.1 


-0.4 


0.2 


-0.20 


0.06 




0951.68 


-79 


3 


611 


2 


I 


-2.4 


0.1 


0.4 


0.1 


-0.3 


0.1 


-0.14 


0.04 




1023.44 


-96 


3 


537 


3 


IIR 


-3.3 


0.2 


0.38 


0.09 


-0.5 


0.1 


-0.40 


0.09 




1024.44 


-89 


6 


574 


1 


IIR 


-3.0 


0.2 


0.7 


0.1 


0.30 


0.04 


0.35 


0.08 




1025.41 


-67 


5 


702 


5 


IIR 


-1.8 


0.1 


0.36 


0.08 


0.71 


0.06 


0.68 


0.06 




1026.41 


-61 


5 


664 


11 


IIB 


-1.7 


0.1 


0.6 


0.1 


0.61 


0.05 


0.62 


0.08 


TOri 


1111.72 


-23 


1 


712 


6 


IIR 


-0.14 


0.03 


0.56 


0.07 


0.67 


0.02 


0.48 


0.03 




1112.73 


-34 


2 


690 


6 


IIR 


-0.22 


0.03 


0.50 


0.05 


0.53 


0.02 


0.35 


0.02 




1114.72 


-20.7 


0.8 


639 


7 


IIR 


-0.10 


0.02 


0.41 


0.05 


0.42 


0.02 


0.29 


0.02 




1115.76 


-23.0 


0.3 


626 


9 


IIR 


-0.16 


0.04 


0.61 


0.06 


0.57 


0.02 


0.41 


0.03 




1208.53 


-16.0 


0.2 


711 


6 


IIR 


-0.10 


0.03 


0.92 


0.06 


0.28 


0.02 


0.19 


0.02 




1209.55 


-17.1 


0.5 


687 


5 


IIR 


-0.11 


0.02 


0.56 


0.05 


0.27 


0.02 


0.20 


0.03 




1210.55 


-17.9 


0.4 


659 


4 


IIR 


-0.11 


0.02 


0.50 


0.05 


0.22 


0.02 


0.16 


0.02 


BFOri 


1111.71 


-8.9 


0.3 


607 


4 


IIR 


-0.05 


0.02 


1.13 


0.06 


0.24 


0.02 


0.56 


0.04 




1112.64 


-9.6 


0.3 


692 


4 


IIB 


-0.05 


0.01 


0.53 


0.05 


0.74 


0.01 


0.65 


0.02 




1113.69 


-10.6 


0.4 


776 


9 


IIR 


-0.07 


0.02 


0.42 


0.07 


0.58 


0.02 


0.46 


0.01 
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Table A.l. continued. 



Star 


JD 


EW 


oEW 


W 10 


5Wl0 


profile type 


EW 


oEW 


EW 


<5EW 


EW 


<5EW 


EW 


<5EW 




(+2450000) Ho- 


Ha 


Ha 


Ha 


Ha 


[0 1]6300 [0 1]6300 He i5876 He i5876 Na iD 2 


NaiD 2 


NaiD, 


NaiDi 






(A) 


(A) 


(km/s) 


(km/s) 




(A) 


(A) 


(A) 


(A) 


(A) 


(A) 


(A) 


(A) 




lt 14.67 


-11 


1 


850 


13 


IIB 


-0.04 


0.01 


0.47 


0.03 


0.99 


0.01 


0.78 


0.01 




1115.66 


-9 


1 


733 


11 


IIR 


-0.05 


0.02 


0.72 


0.08 


0.66 


0.02 


0.48 


0.03 




1208.53 


-9.7 


0.3 


753 


8 


IIR 


-0.04 


0.01 


0.76 


0.08 


0.51 


0.02 


0.35 


0.02 




1209.54 


-9.9 


0.2 


815 


8 


IIR 


-0.04 


0.01 


0.55 


0.07 


0.65 


0.03 


0.49 


0.05 




1210.52 


-10.6 


0.3 


786 


4 


IIR 


-0.04 


0.01 


0.67 


0.06 


0.50 


0.02 


0.33 


0.02 




1210.58 


-10.0 


0.3 


758 


7 


IIR 


-0.02 


0.01 


0.75 


0.07 


0.53 


0.02 


0.36 


0.03 


COOri 


1111.57 


-16.6 


0.5 


566 


30 


Im 


-0.13 


0.03 





0.07 


0.64 


0.04 


0.46 


0.04 




1112.57 


-21.0 


0.6 


548 


6 


Im 


-0.26 


0.04 





0.07 


0.22 


0.02 


0.18 


0.02 




1113.56 


-23 


1 


562 


8 


I 


-0.34 


0.06 





0.07 


0.09 


0.02 


0.11 


0.02 




1114.54 


-21 


1 


502 


6 


I 


-0.29 


0.04 


0.22 


0.07 


0.17 


0.01 


0.21 


0.02 




1115.55 


-21 


1 


522 


9 


I 


-0.35 


0.05 


0.11 


0.07 


0.22 


0.02 


0.21 


0.02 




1208.48 


-20.9 


0.6 


518 


5 


I 


-0.33 


0.05 


0.13 


0.06 


0.37 


0.04 


0.32 


0.06 




1209.49 


-25.1 


0.7 


586 


6 


I 


-0.34 


0.07 





0.07 


0.37 


0.04 


0.34 


0.05 




1210.48 


-21.4 


0.7 


584 


7 


Im 


-0.29 


0.07 


0.08 


0.04 


0.39 


0.03 


0.36 


0.03 


HKOri 


1111.68 


-63 


1 


599 


4 


IIB 


-1.4 


0.1 


0.53 


0.05 


0.53 


0.04 


0.52 


0.05 




1112.74 


-61 


1 


533 


4 


IIR 


-1.4 


0.1 


0.58 


0.05 


0.47 


0.04 


0.44 


0.06 




1113.66 


-21 


2 


530 


7 


I 


-0.5 


0.1 





0.09 


-0.36 


0.03 


-0.19 


0.06 




1114.71 


-63 


1 


578 


1 


IIR 


-1.4 


0.1 


0.53 


0.05 


0.35 


0.03 


0.41 


0.04 




1115.68 


-71 


3 


567 


4 


IIR 


-1.5 


0.1 


0.30 


0.09 


0.30 


0.05 


0.27 


0.06 




1208.49 


-58 


1 


630 


1 


IIB 


-1.33 


0.09 


0.4 


0.1 


0.14 


0.02 


0.16 


0.03 




1209.50 


-59 


1 


624 


4 


IIB 


-1.4 


0.1 


0.48 


0.06 


0.22 


0.03 


0.21 


0.04 




1210.51 


-65 


3 


595 


5 


IIB 


-1.29 


0.08 


0.36 


0.09 


0.41 


0.05 


0.39 


0.05 


NV Ori 


1111.77 


-4.4 


0.2 


473 


10 


Im 





0.02 


0.19 


0.05 


-0.27 


0.03 


-0.20 


0.02 




1112.72 


-4.0 


0.3 


546 


10 


IIIR 





0.02 





0.07 


-0.26 


0.04 


-0.23 


0.03 




1113.76 


-3.9 


0.1 


616 


8 


IIR 





0.02 


0.13 


0.05 


-0.19 


0.03 


-0.28 


0.06 




1114.74 


-3.9 


0.1 


627 


1 


IIR 





0.02 


0.30 


0.07 


-0.20 


0.03 


-0.16 


0.04 




1115.74 


-3.8 


0.1 


633 


7 


IIIR 





0.02 


0.26 


0.06 


-0.16 


0.03 


-0.13 


0.02 




1208.52 


-3.8 


0.2 


697 


16 


IIB 


-0.04 


0.02 


0.18 


0.05 


-0.18 


0.02 


-0.25 


0.03 




1209.53 


-4.3 


0.1 


654 


7 


IIR 


-0.03 


0.01 


0.20 


0.04 


-0.24 


0.02 


-0.27 


0.03 




1210.54 


-3.8 


0.2 


618 


13 


IIIR 


-0.03 


0.01 


0.30 


0.06 


0.28 


0.02 


0.22 


0.04 


RYOri 


1112.76 


-19.4 


0.6 


585 


4 


IIR 


-0.17 


0.06 


0.7 


0.1 


1.00 


0.04 


1.10 


0.06 




1113.74 


-14.3 


0.4 


588 


8 


IIB 


-0.06 


0.03 


0.33 


0.08 


0.76 


0.03 


0.73 


0.03 




1114.68 


-11.0 


0.3 


571 


6 


IIR 


-0.06 


0.04 


0.46 


0.09 


0.95 


0.04 


0.96 


0.06 




1115.67 


-21.4 


0.7 


606 


6 


IIR 


-0.11 


0.03 


0.32 


0.06 


0.57 


0.03 


0.62 


0.04 




1208.51 


-13.8 


0.5 


616 


7 


IIR 


-0.10 


0.04 


1.03 


0.08 


1.11 


0.03 


1.08 


0.04 




1209.52 


-13.2 


0.4 


647 


10 


IIR 


-0.13 


0.04 


0.5 


0.1 


1.51 


0.04 


1.54 


0.07 




1210.53 


-17.4 


0.5 


662 


6 


IIR 


-0.20 


0.07 


0.78 


0.08 


0.98 


0.03 


1.03 


0.04 


UXOri 


1111.61 


-13.2 


0.2 


576 


6 


IIIB 


-0.06 


0.02 


-0.14 


0.05 


0.15 


0.03 


0.27 


0.05 




1112.60 


-13.0 


0.4 


772 


6 


Im 


-0.05 


0.02 


0.15 


0.04 


-0.29 


0.07 


-0.02 


0.01 




1112.71 


-12.8 


0.4 


740 


6 


Im 


-0.07 


0.04 


0.24 


0.04 


-0.25 


0.06 


-0.04 


0.03 




1113.61 


-11.3 


0.3 


687 


17 


Im 


-0.07 


0.04 


0.21 


0.04 


-0.29 


0.06 


-0.16 


0.03 




1113.71 


-11.8 


0.2 


744 


9 


Im 


-0.05 


0.02 


-0.15 


0.04 


-0.36 


0.07 


-0.17 


0.03 




1114.58 


-11.8 


0.6 


735 


6 


Im 


-0.06 


0.02 


0.21 


0.04 


0.22 


0.01 


0.15 


0.02 




1114.70 


-11.5 


0.2 


704 


4 


Im 


-0.05 


0.02 


0.18 


0.03 


0.28 


0.02 


0.18 


0.01 




1115.62 


-10.7 


0.3 


777 


7 


IIBm 


-0.04 


0.02 


0.48 


0.04 


0.28 


0.02 


0.19 


0.02 




1208.44 


-7.4 


0.4 


730 


15 


IIRm 


-0.07 


0.02 


0.28 


0.05 


-0.24 


0.05 


-0.16 


0.03 




1209.45 


-6.6 


0.3 


616 


9 


IVRm 


-0.06 


0.02 


0.54 


0.07 


-0.15 


0.03 


-0.14 


0.04 




1209.57 


-6.0 


0.2 


601 


9 


IVRm 


-0.03 


0.02 


0.49 


0.08 


-0.14 


0.03 


-0.12 


0.03 




1210.31 


-5.5 


0.5 


532 


21 


IVR 


-0.05 


0.02 


0.18 


0.05 


-0.23 


0.04 


-0.16 


0.03 




1210.41 


-5.8 


0.3 


537 


14 


IVR 


-0.04 


0.02 


-0.07 


0.04 


-0.25 


0.05 


-0.16 


0.03 




1210.49 


-6.3 


0.2 


554 


5 


IIIRm 


-0.05 


0.02 


0.06 


0.03 


-0.30 


0.08 


-0.15 


0.03 




1210.57 


-5.9 


0.4 


>586 


93 


IIIRm 


-0.03 


0.02 


0.16 


0.05 


-0.22 


0.06 


-0.10 


0.03 


V346 Ori 


1111.66 


-3.8 


0.7 


829 


91 


IIIRm 










-0.13 


0.04 


-0.08 


0.02 




1112.70 


-4.4 


0.8 


1056 


171 


IIIRm 










0.09 


0.02 


0.06 


0.02 




1113.72 


-5 


1 


972 


109 


IIIRm 










0.08 


0.02 


0.07 


0.02 




1 1 14.69 


-4.0 


0.8 


974 


141 


IIIBm 










0.10 


0.02 


0.08 


0.03 




1115.73 


-4.1 


0.6 


880 


80 


IIIRm 










0.12 


0.03 


0.09 


0.03 




1208.47 


-2.9 


0.5 


871 


101 


IIIRm 










0.21 


0.02 


0.15 


0.03 




1209.48 


-2.8 


0.5 


864 


145 


IIIBm 










0.23 


0.02 


0.17 


0.03 




1210.47 


-2.9 


0.8 


821 


198 


IIIBm 










0.21 


0.02 


0.16 


0.03 


V350 Ori 


1111.76 


-11.8 


0.6 


729 


10 


IIR 


-0.12 


0.03 


0.32 


0.09 


0.67 


0.03 


0.53 


0.05 




1113.77 


-11.4 


0.5 


767 


8 


IIR 


-0.11 


0.03 


0.39 


0.07 


0.66 


0.03 


0.52 


0.05 




1114.76 


-12.8 


0.7 


680 


10 


IIR 


-0.12 


0.04 


0.4 


0.1 


0.67 


0.03 


0.53 


0.04 
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Table A.l. continued. 



Star 


JD 


EW 


SEW 


W 10 


fiW 10 


profile type 


EW 


SEW 


EW 


<5EW 


EW 


<5EW 


EW 


<5EW 




(+2450000) Ha 


Ha 


Ha 


Ha 


Hn 


[0 1]6300 [0 1]6300 He i5876 He i5876 Na iD 2 


NaiD 2 


NaiD, 


NaiDi 






(A) 


(A) 


(km/s) 


(km/s) 




(A) 


(A) 


(A) 


(A) 


(A) 


(A) 


(A) 


(A) 




1115.72 


-15 


1 


645 


7 


IIIR 


-0.14 


0.02 


0.40 


0.08 


0.63 


0.04 


0.54 


0.07 




1208.54 


-8.9 


0.9 


770 


40 


IIR 


-0.20 


0.06 


0.23 


0.08 


0.56 


0.04 


0.45 


0.07 




1209.58 


-15 


1 


731 


16 


IIIR 


-0.13 


0.04 


0.7 


0.1 


0.82 


0.04 


0.85 


0.07 




1210.56 


-11.3 


0.8 


730 


14 


IIIRm 


-0.08 


0.04 


0.53 


0.08 


0.96 


0.04 


0.81 


0.06 


XYPer 


1023.72 


-10.7 


0.7 


733 


6 


IIRm 


-0.02 


0.01 


0.17 


0.02 


0.46 


0.01 


0.38 


0.01 




1024.73 


-8.5 


0.3 


762 


8 


IIR 





0.03 


0.32 


0.05 


0.54 


0.02 


0.43 


0.02 




1025.71 


-9.0 


0.3 


744 


6 


IIB 


-0.03 


0.01 


0.24 


0.04 


0.69 


0.02 


0.52 


0.02 




1026.73 


-10.7 


0.1 


704 


4 


IIBm 





0.03 


0.12 


0.02 


0.65 


0.02 


0.48 


0.01 




1112.65 


-10.1 


0.8 


713 


12 


IIR 


-0.06 


0.03 


0.32 


0.04 


0.51 


0.01 


0.40 


0.01 




1113.57 


-11 


1 


729 


12 


IIR 


-0.08 


0.03 


0.30 


0.03 


0.57 


0.01 


0.43 


0.01 




1114.56 


-11 


1 


729 


15 


IIB 


-0.03 


0.01 


0.35 


0.03 


0.62 


0.01 


0.50 


0.01 




1115.60 


-11 


1 


706 


12 


IIB 


-0.08 


0.03 


0.11 


0.03 


0.57 


0.01 


0.45 


0.01 




1208.37 


-8.2 


0.7 


743 


14 


IIB 


-0.02 


0.01 


0.30 


0.03 


0.42 


0.01 


0.40 


0.04 




1209.38 


-8.5 


0.7 


708 


11 


IIB 


-0.04 


0.01 


0.15 


0.03 


0.56 


0.02 


0.48 


0.02 




1210.38 


-9.4 


0.6 


720 


7 


IIB 


-0.10 


0.03 


0.10 


0.02 


0.43 


0.01 


0.34 


0.01 


VV Ser 


0949.56 


-50.0 


0.8 


711 


6 


IIR 


-0.6 


0.1 


0.8 


0.1 


0.65 


0.04 


0.47 


0.04 




0950.62 


-50.2 


0.8 


701 


6 


IIR 


-0.46 


0.07 


0.5 


0.2 


0.79 


0.06 


0.8 


0.1 




0951.61 


-47 


2 


726 


6 


IIR 


-0.43 


0.07 


0.9 


0.1 


0.75 


0.04 


0.61 


0.04 




1023.47 


-48.9 


0.9 


704 


6 


IIR 


-0.6 


0.1 


0.47 
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0.04 


0.53 


0.04 
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-51.4 


0.8 
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6 
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-0.50 


0.08 


0.6 


0.1 


0.98 


0.05 


0.93 


0.09 




1024.54 


-49 


2 


736 


6 


IIR 


-0.58 


0.09 


0.8 


0.2 


0.86 


0.06 


0.8 


0.1 




1024.61 


-48 


3 


740 


7 


IIR 


-0.59 


0.05 


0.81 


0.08 


0.98 


0.05 


0.87 


0.08 




1025.44 


-51.0 


0.9 
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6 
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0.44 
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0.90 


0.08 
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0.9 


666 


6 
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0.3 


0.1 


1.07 


0.05 


0.94 
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1025.57 


-50.9 


0.9 
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6 
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-0.56 
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0.42 


0.06 


1.07 


0.05 


0.95 
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1026.44 


-52.0 


0.8 
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6 


II 


-0.51 


0.07 


0.48 


0.05 


0.81 


0.05 


0.69 
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1026.49 


-53.9 


0.8 


679 


6 


IIB 


-0.56 


0.06 


0.45 


0.06 


0.82 


0.05 


0.68 


0.09 




1026.56 


-52.9 


0.8 


676 


6 


IIR 


-0.53 


0.06 


-0.3 


0.1 


0.78 


0.05 


0.70 


0.08 




1111.30 


-48 


3 


671 


6 


IIB 


-0.6 


0.1 


0.79 


0.09 


1.00 


0.04 


0.83 


0.07 




1112.31 


-50 


3 


706 


6 


IIB 


-0.5 


0.1 


0.4 


0.1 


0.66 


0.04 


0.51 


0.03 




1113.30 


-46 


3 


673 


5 


IIB 


-0.53 


0.08 


0.4 


0.1 


0.66 


0.04 


0.53 


0.04 




1114.31 


-44 


3 


646 


5 


II 


-0.7 


0.1 


0.65 


0.09 


0.76 


0.04 


0.59 


0.04 




1115.30 


-49 


1 


727 


6 


IIB 


-0.5 


0.1 


0.43 


0.09 


0.61 


0.04 


0.50 


0.05 


CQTau 


1111.74 


-3.3 


0.1 


>272 


4 


IIIR 


-0.05 


0.02 


0.23 


0.06 


0.53 


0.03 


0.39 


0.03 




1112.76 


-5.1 


0.1 


670 
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IIIR 


-0.04 


0.02 





0.08 


0.52 


0.03 


0.39 
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1113.75 


-3.6 
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IIIR 
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0.30 


0.02 


0.22 
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1114.73 


-3.7 


0.1 


577 
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IIR 


-0.03 


0.01 


0.11 


0.06 


0.32 


0.02 


0.24 
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1115.69 


-4.3 


0.1 


636 
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IIR 


-0.05 


0.02 





0.08 


0.32 


0.04 


0.25 


0.02 




1208.56 


-7.7 


0.2 


519 


7 


IIIR 


-0.10 


0.02 


0.08 


0.04 


0.35 


0.02 


0.33 


0.04 




1209.60 


-6.1 


0.2 


569 


6 


IIIR 


-0.07 


0.02 


0.26 


0.08 


0.48 


0.02 


0.45 


0.04 




1210.59 


-4.4 


0.2 


445 


6 


Im 


-0.08 


0.02 


0.15 


0.07 


0.33 


0.01 


0.34 


0.04 


RRTau 


1111.73 


-32.5 


0.6 


667 


3 


IIR 


-0.46 


0.06 


0.20 


0.03 


0.70 


0.02 


0.64 


0.04 




1112.77 


-41.2 


0.6 


685 


4 


IIR 


-0.56 


0.05 


0.69 


0.03 


0.64 


0.02 


0.60 


0.04 




1113.78 


-26 


1 


672 


3 


IIR 


-0.44 


0.06 


0.40 


0.04 


1.00 


0.03 


0.92 


0.05 




1114.75 


-25.6 


0.3 


700 


5 


IIR 


-0.34 


0.05 


0.64 


0.04 


0.88 


0.02 


0.76 


0.04 




1115.71 


-28.5 


0.3 


660 


1 


IIR 


-0.38 


0.05 


0.27 


0.04 


0.66 


0.03 


0.55 


0.04 




1208.57 


-18.0 


0.2 


703 


1 


IIB 


-0.36 


0.07 


0.31 


0.05 


0.71 


0.05 


0.53 


0.04 




1209.61 


-16.6 


0.6 


682 


5 


IIB 


-0.30 


0.03 


0.42 


0.05 


0.71 


0.03 


0.60 


0.07 




1210.60 


-16.6 


0.4 


694 


5 


IIB 


-0.30 


0.03 


0.54 


0.06 


0.77 


0.05 


0.68 


0.07 


RYTau 


1111.62 


-14.1 


0.4 


634 


2 


IIIB 


-0.7 


0.1 


0.25 


0.06 


0.50 


0.04 


0.41 


0.05 




1112.59 


-12.0 


0.1 


641 


2 


IIBm 


-0.7 


0.1 


0.30 


0.06 


0.49 


0.04 


0.41 


0.04 




1113.60 


-13.0 


0.3 


624 


4 


IIB 


-0.7 


0.1 


-0.19 


0.06 


-0.18 


0.03 


-0.19 


0.03 




1114.59 


-16.2 


0.8 


664 


7 


IIB 


-0.7 


0.1 


-0.22 


0.06 


-0.32 


0.06 


-0.37 


0.05 




1208.40 


-19.9 


0.4 


837 


18 


IIR 


-0.8 


0.1 


-0.33 


0.06 


0.44 


0.02 


0.42 


0.02 




1209.41 


-16.6 


0.2 


677 


2 


IIB 


-0.9 


0.1 


-0.20 


0.04 


-0.39 


0.05 


-0.36 


0.05 


PX Vul 


1023.51 


-15.8 


0.2 


598 


4 


IIIB 


-0.08 


0.02 





0.09 


0.13 


0.01 


0.15 


0.01 




1024.51 


-15.1 


0.3 


588 


4 


IIIB 


-0.06 


0.02 


0.24 


0.05 


0.25 


0.02 


0.23 


0.01 




1025.47 


-15.1 


0.2 


613 


2 


IIIB 


-0.05 


0.02 


0.39 


0.05 


0.18 


0.01 


0.18 


0.01 




1026.47 


-14.0 


0.9 


671 


7 


Im 


-0.06 


0.02 


0.38 


0.04 


0.16 


0.02 


0.15 


0.02 




1111.34 


-13 


1 


651 


9 


IIB 


-0.11 


0.03 


0.09 


0.02 


0.13 


0.01 


0.14 


0.01 




1112.34 


-13 




673 


9 


IIB 


-0.07 


0.02 


0.14 


0.03 


0.14 


0.01 


0.14 


0.01 




1113.34 


-14.0 


0.4 


630 


6 


IIIB 


-0.10 


0.03 


0.27 


0.09 


0.19 


0.01 


0.17 


0.01 




1114.35 


-15 


1 


598 


10 


IIIB 


-0.09 


0.03 


0.04 


0.02 


0.13 


0.01 


0.13 


0.01 
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Star 



LkHa 234 



JD 


EVV 


SEW 


Win 

™ 10 


u vv jo 


profile type 


EW 


5EW 


EVV 


tfEW 


EW 


SEW 


EW 


SEW 


(+2450000) Ha 


H(! 


H(i 


H(! 


Ha 


[0 1]6300 [0 1]6300 He i5876 Hei5876 NaiD 2 


Na 1D2 


Na 1D1 


Na iD 




(A) 


(A I 




(kmM 




(A) 


(A) 


(A) 


(A) 


(A) 






/ A 1 


1115.35 


15 


] 


6 1 6 


7 


Im 


-0.10 


0.02 


0.18 


0.04 


0.21 


01 


18 


01 


0948.54 


-21.2 


2 


749 




IIB 


-0.05 


0.03 


0.85 


0.06 


0.50 


02 


32 


02 


0949.53 


-20.8 


2 


7 1 3 




11B 


-0.07 


0.01 


0.88 


0.04 


0.69 


02 


42 


02 


0950.54 


-19.8 


2 


706 




IIB 


-0.08 


0.01 


0.52 


0.06 


0.49 


02 


34 


02 


0951.62 


-20.0 


0.2 


769 


g 


IIB 


-0.07 


0.02 


0.76 


0.05 


0.75 


0.02 


0.48 


0.02 


1023.49 


-16.5 


0. 1 


747 


5 


IIB 


-0.10 


0.03 


0.20 


0.03 


0.50 


0.01 


0.36 


0.0 1 


1024.50 


-17.9 


4 


720 




IIR 


-0.06 


0.03 


0.66 


0.05 


0.5 1 


01 


39 


1 


1025.46 


-17.6 


8 


707 




IIR 


-0.12 


0.03 


0.64 


0.05 


0.51 


0° 


38 


01 


1026.45 


-19.2 


4 


74 1 




IIR 


-0.09 


0.03 


0.71 


0.05 


0.39 


01 


29 


1 


1111.32 


-17.8 


0.7 


843 


9 


IIR 


-0.10 


0.03 


0.97 


0.04 


1.23 


0.01 


1 .05 


0.02 


1112.33 


-17.4 


0.3 


721 


5 


IIB 


-0.11 


0.02 


0.58 


0.04 


0.9 1 


0.01 


0.76 


0.03 


1113.32 


-22.8 


0.3 


728 


5 


IIB 


-0.13 


0.02 


0.96 


0.03 


0.79 


0.01 


0.73 


0.02 


1114.33 


-17.0 


1 


8 1 2 




IIB 


-0.12 


0.02 


0.90 


0.02 


0.75 


01 


57 


01 


1 1 1 r 
1 1 1 J . J J 


-iy.r> 


2 


7 1 1 


g 


IIB 


n no 
-u.uy 


A A1 


a in 


1 1 it i 

U.U4 


A ^A 


01 


40 


02 


1023.50 


-70 


1 


749 


-j 


IIB 


-0.60 


0.08 


0.58 


0.06 


1.15 


05 


1 00 


04 


1024.50 


-69 


1 


8 1 2 


1 


IIB 


-0.61 


0.08 


0.91 


0.06 


1.08 


0.05 


0.9 1 


0.05 


1025.50 


-61.4 


0.9 


762 


5 


IIB 


-0.39 


0.05 


0.82 


0.07 


2.14 


0.07 


1 .60 


0.06 


1026.50 


-74 


2 


776 


5 


IIB 


-0.64 


0.09 


1.19 


0.07 


0.97 


0.06 


0.83 


0.07 


1111.39 


-64 


1 


804 


5 


IIIB 


-0.60 


0.08 


0.81 


0.07 


-0.2 


0.1 


-0.25 


0.09 


1112.44 


-71 


2 


745 


4 


IIIB 


-0.54 


0.08 


0.74 


0.06 


-0.09 


0.05 


-0.13 


0.07 


1113.44 


-75 


2 


722 


8 


IIB 


-0.58 


0.08 


0.83 


0.08 


-0.5 


0.1 


-0.23 


0.09 


1114.42 


-73 


2 


718 


6 


IIB 


-0.57 


0.07 


0.54 


0.07 


-0.5 


0.1 


-0.24 


0.07 


1115.43 


-72 


2 


773 


5 


IIIB 


-0.58 


0.08 


0.87 


0.06 


-0.7 


0.1 


-0.3 


0.1 



Notes to TablelA.ll Equivalent widths and their u ncertainties (EW and 5EW, respectively) for the indicated spectroscopic lines. 
For the Ho- line, the profile shape according to the Reipurt het all (ll996h classification scheme, the width of the wings at 10% of 
peak intensity and its uncertainty (W10 and <5Wio) are also given. indicates that the spectroscopic line is not detected in any 
of the spectra of the star considered. When a line is measured only in several spectra of a given object, upper limits are shown 
for the non-detections. 



17 



I. Mendigutfa et al.: Optical spectroscopic variability of Herbig Ae/Be stars 
Table A.2. Line fluxes on several observing Julian Dates for a subsample of the stars. 
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17 




1113 62 


48 


] 






1 18 
1 Jo 


17 


101 

Ly 1 


1 1 
1 j 


174 


n 




1114 60 


38 


j 






jy 


21 


1 10 

1 JZ 





1 08 
1 zo 





un i/io80 

LlU J4ZOZ 


1 1 14 65 


i .j 


U.J 








2 


1 

Z.J 


^ 

U.J 


l.J 


A ^ 
U.J 




1 000 46 

izuy.40 


i a 

1.0 


U. 1 








2 


1 

j.y 


6 
U.O 


7 
Z. / 


A 
U.O 


ITU J4 /UU 


1 1 14 65 


1 4 


n o 
u.z 










j 




J 




un S8A47 
ITU J004 / 


i ooo ^a 
izuy. J4 


^1 


1 

J 


01 
ZJ 


y 


Al 
OJ 


24 


0/ 


1 n 

1U 


/J 


1 n 

1U 


un 141 sao 


0040 4.0 


21 


2 


46 


20 






45 




49 


15 




no so 40 

UyjU.4Z 


21 


2 


50 


20 






A ^ 


12 


6 1 


1 j 




1 004 40 


22 


2 


46 


io 

JU 






?0 
jy 


c 

J 


jy 


Q 
O 




i ooo tx 


21 


j 


40 
4y 


00 

zu 






Ji 




l J 


^ 


Tin 1 40666 
LlU 14ZOOO 


0Q4Q 4Q 


Q 

z.y 


a ^ 

U.J 






i J 


j 


IO 


1 
J 


14 


1 
J 




nosn *;8 


1 1 
J.J 


^ 
U.J 






ID 




22 


2 


17 
1 / 


4 




1024 49 


1 4 
J.4 


O s 

U.J 






18 


J 


18 


2 


17 
1 / 


2 


un 1/1/1/110 
riU 1444JZ 


OQ/10 ^0 


1 7 ^ 
1 /.J 


A A 
U.O 


U 


J 


07 
z / 


1 o 
1 U 


A A 
4U 


7 


jj 


7 




nosn so 
uyju. jy 


1 1 


Q 
U.V 


u 


1 
J 


J J 


1 J 


A 1 
01 


Q 

y 


4A 
40 


Q 

y 




1 no A 40 
1UZ4 .4U 


1 8 
10 


2 


4 


1 
J 


2 1 


Q 

y 


J J 


4 


41 


12 


ITU lJUiyj 


0Q4Q ^1 


12 2 


n i 

U.4 






22 


7 
1 


24 





1 Q 

iy 







oo<;o 
uyju. jy 


1 1 
1 J 








1 6 
10 


f. 



10 

JZ 


c 

J 


24 





un 1 6^006 


0040 SO 


111 


5 


n 


Q 


173 


24 


206 


20 


235 


25 




no so 

UyjU.OZ 


102 


4 


n 


Q 

y 


404 


37 


1 10 

1 jy 


20 


139 


s ; 

ZJ 




1024 53 


103 




22 


Q 


266 


00 

zy 


01 
yj 


15 


89 


1 j 


tiLJ i / yz i o 


0Q4Q 64 

uy4y.04 


16 
JO 


2 


y 
o 


1 
J 


15 


i 

j 


1 1 


1 
j 





1 
j 


un 1 00071 
rlU 1 yuu 1 J 


1024 55 


51 


2 


12 


2 


97 


14 


207 


14 


181 


15 


VX Cas 


1024 72 


76 


06 


9 


1 


7 


2 


1 2 


1 


7 2 


2 




1111 52 


1 22 


05 


8 


3 


2 2 


5 


2 1 


2 


7 <§ 


1 




1112 54 


1 21 


08 


Q 

u.y 


2 


2 4 


4 


z.u 


2 


j g 


1 

U.J 




1113 52 


1 16 


07 


6 


2 


6 6 


6 


2 4 



u.z 


2 3 



u.z 




1114 51 


1 12 


04 


9 


2 


4 7 


4 
U.4 


2 6 



u.z 


2 2 



u.z 




i ooo ia 


QO 

u.yu 


04 
U.U4 


QO 

u.yz 


1 
U. 1 


5 6 


O 6 
U.O 


4 2 



u.z 


J.O 


1 

U.J 


ru r Pn 


1024 65 


48 


07 


17 


09 


3 9 


8 


4 4 


5 




2 




1111 41 


^1 
U.J / 


04 
U.U4 


1 
U.J 




u.z 




1 
U.J 


j j 


1 
u. 1 


u.y 


1 
u. 1 




1 1 12 36 


46 
U.40 


O 07 
U.U / 


1 
U.J 


O 1 

U. 1 


3 2 


U.J 


3 


A 1 
U.J 


2 j* 


A A 
U.4 




1112 46 


48 


07 


23 


08 


3 7 


6 


3 5 


3 


2 6 


5 




1111 ia 

1 1 1 j.jO 


0.50 


0.06 


0.3 


0. 1 


J.J 


O 1 
U. J 


7 

z. / 



u.z 


f 
z. 1 



u.z 




1113 49 


46 


06 


2 


1 


j 5 


6 


2 3 


2 


1 9 


2 




1 1 14 37 


70 


05 


8 


2 


9 


3 


2 2 


2 


1 8 


2 


du ^ep 


1 004 A7 
1UZ4 .0 / 


18 
U.JO 


04 
U.U4 


8 
U.o 


o ^ 

U.J 


1 4 


6 

u.o 


~> 7 

z. / 


4 

U.4 


2 1 


A 

u.o 




1111 42 


68 
U.uo 


04 
U.U4 


l.J 


u.o 


U.o 


4 
U.4 


l.J 


1 
u. 1 


1 2 


1 
u. 1 




1112 46 


60 

u.oy 


O 07 
U.U/ 


1 4 


n 7 
u. / 


3 6 


6 
U.O 


l.J 



u.z 


1 


n 1 
u. 1 




11114^ 


65 


06 


i .j 


6 
U.O 


2 4 


4 
U.4 


7 


n 1 
u. 1 


7 


1 
u. 1 




1 1 14 43 


50 


03 


1 6 


6 


3 8 


U.J 


1 3 


1 
u. 1 


j j 


1 


SV Cep 


1004 68 

1UZH-.UO 


l 4 


1 


1 7 


5 


2 3 


6 


6 1 


5 


4 7 


4 




1111 44 


1 70 

1 . / u 


06 

u.uo 


1 8 
1 .o 


7 

u. / 


j. / 


8 

u.o 


2 4 



u.z 


2 1 



u.z 




1 1 12 49 


1 ^ 

1. J 


U. 1 


1 6 
1.0 


^ 
U.J 


o 


J 


^ 

Z.J 


1 

U.J 


2 2 


1 

U.J 




1 1 1 1 47 
1 1 1 J.4 / 


1 60 

1 .ou 


OQ 

U.U 7 


1 4 


6 

u.o 


J.O 


8 

u.o 



z.z 


A 
U.Z 


l.y 



u.z 




1 1 14 45 


1 44 


o o<; 

U.UJ 


1 4 


^ 
U.J 


O.J 


7 

u. / 


J 


n 

U.Z 


3 3 



u.z 


VI 686 fvo 
V 1 O0O 


0040 68 
uy+y.uo 


47 


01 


9 


2 


06 


04 


1 2 


l 


60 


05 




00S0 68 


47 


01 


1 


2 





1 


3 


l 


12 


02 




1004 ^7 
1UZ4. J / 


60 

u.ou 


00 

u.uz 


o ^ 

U.J 




u.z 




U. 1 


1 2 


1 
u. 1 


u.'+y 


OA 

u.uo 




1111 36 


Q8 
U.yO 


00 

u.uz 


7 

u. / 


O 1 
U.J 



U.Z 


O 1 
U. 1 


J Q 


1 
u. 1 


f\ 76 

u./o 


00 

u.uy 




111118 
1 1 1 J. JO 


16 
U.JO 


01 
U.UJ 


o 

U.J 




u.z 


n 7 

(A / 


1 
U. 1 





u.z 


Z.o 


1 
u. 1 




111/1 1Q 
1 1 14. Dy 


O 1/1 
U.J4 


O Ol 

u.ui 


o ^ 

U.J 


n i 

U.J 


U.y 


U. 1 


// 7 
4. / 



u.z 




z.y 


1 
u. 1 


V V A/Inn 

v i ivion 


1 000 61 
1 ZUy.OJ 


1 07 
1 .U / 


01 
U.UJ 


s i 

j. i 


O <\ 
U.J 








Z.U 




u.z 


7 3 


1 
u. 1 


51 Oph 


0949.00 


92 


10 






249 


127 





96 
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96 


10 






343 


190 


218 


96 


436 


131 




1024.00 


95 


10 






367 


157 


92 


32 


306 


67 


KK Oph 


0949.60 


3.6 


0.2 


10.7 


0.7 


2.5 


0.4 


0.8 


0.2 


1.0 


0.3 




0950.61 


3.2 


0.1 


13 


1 


0.8 


0.2 


1.1 


0.3 


0.5 


0.1 




1024.44 


3.3 


0.2 


11.2 


0.9 


1.6 


0.3 


0.7 


0.1 


0.8 


0.2 


TOri 


1111.72 


4.7 


0.2 


2.9 


0.6 


9.2 


1 


11.1 


0.4 


7.9 


0.5 




1112.73 


5.4 


0.3 


3.5 


0.6 


6.3 


0.7 


6.6 


0.5 


4.4 


0.4 
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Table A.2. continued. 



Star 


JD 


F 


<SF 


F 


SF 


F 


SF 


F 


SF 


F 


SF 




(+2450000) 


Ha 


Ha 


[Oi]6300 


[Oi]6300 


Hei5876 


Hei5876 


NaiD 2 


NaiD 2 


NaiDi 


NaiDi 






(xlO- 12 ) 


(xlO- 12 ) 


(xur 14 ) 


(xur 14 ) 


(xur 14 ) 


(xlO- 14 ) 


(xur 14 ) 


(xur 14 ) 


(XlO- 14 ) 


(xur 14 ) 




1114.72 


4.1 


0.2 


2.0 


0.4 


6.7 


0.8 


6.9 


0.4 


4.7 


0.4 


BF Ori 


1111.71 


3.2 


0.2 


1.8 


0.7 


42 


3 


8.8 


0.8 


21 


2 




1112.64 


3.4 


0.3 


1.8 


0.4 


19 


2 


27 


2 


24 


2 




1113.69 


3.4 


0.2 


2.2 


0.6 


14 


2 


18.7 


0.9 


15.0 


0.6 




1114.67 


3.6 


0.3 


1.3 


0.3 


16 


1 


34 


1 


26.6 


0.8 


COOri 


1111.57 


2.21 


0.08 


1.7 


0.4 





0.4 


5.1 


0.3 


3.6 


0.3 




1112.57 


2.3 


0.1 


2.9 


0.5 





0.4 


1.4 


0.2 


1.1 


0.1 




1113.56 


2.3 


0.1 


3.4 


0.6 





0.4 


0.5 


0.1 


0.6 


0.1 




1114.54 


2.0 


0.1 


2.8 


0.4 


1.2 


0.4 


0.9 


0.1 


1.1 


0.1 




1209.49 


2.11 


0.06 


2.9 


0.6 


0.0 


0.4 


1.8 


0.2 


1.7 


0.2 


HK Ori 


1111.68 


4.61 


0.08 


10.3 


0.8 


3.0 


0.3 


3.0 


0.2 


2.9 


0.3 




1112.74 


4.6 


0.1 


11 


1 


3.2 


0.3 


2.6 


0.3 


2.4 


0.4 




1113.66 


1.6 


0.2 


3.8 


0.8 


0.0 


0.4 


2.0 


0.2 


1.1 


0.3 




1114.71 


4.38 


0.07 


10.1 


0.8 


2.7 


0.3 


1.8 


0.2 


2.1 


0.2 




1209.50 


5.19 


0.09 


12.1 


0.9 


3.4 


0.4 


1.6 


0.2 


1.5 


0.3 


NVOri 


1111.77 


1.6 


0.2 





0.3 


6 


2 


9 


1 


6.3 


0.7 




1112.72 


1.4 


0.3 





0.3 





2 


8 


1 


7 


1 




1113.76 


1.4 


0.2 





0.3 


4 


2 


6 


1 


9 


2 




1114.74 


1.4 


0.1 





0.3 


9 


2 


6 


1 


5 


1 




1209.53 


1.4 


0.1 


0.9 


0.3 


6 


1 


6.7 


0.6 


7.5 


0.9 


RYOri 


1112.76 


0.91 


0.05 


0.8 


0.3 


2 


0.3 


3.1 


0.2 


3.4 


0.3 




1113.74 


0.79 


0.04 


0.3 


0.2 


1 


0.3 


2.8 


0.2 


2.7 


0.2 




1114.68 


0.68 


0.03 


0.4 


0.2 


2 


0.4 


4.0 


0.2 


4.1 


0.3 




1209.52 


0.76 


0.03 


0.8 


0.2 


2 


0.4 


5.7 


0.2 


5.8 


0.3 


UXOri 


1111.61 


3.7 


0.1 


1.7 


0.6 


4 


1 


3.9 


0.8 


7 


1 




1112.60 


3.8 


0.3 


1.5 


0.6 


4 


1 


8 


2 


0.6 


0.3 




1113.61 


3.6 


0.2 


2 


1 


7 


1 


9 


2 


5 


1 




1114.58 


3.5 


0.2 


1.8 


0.6 


6 


1 


6.4 


0.3 


4.3 


0.6 




1209.45 


2.1 


0.1 


1.9 


0.6 


17 


2 


5 


1 


4 


1 


V346 Ori 


1111.66 


0.8 


0.2 










2.9 


0.9 


1.8 


0.4 




1114.69 


0.9 


0.2 










2.3 


0.5 


1.8 


0.7 




1209.48 


0.6 


0.1 










5.3 


0.5 


3.9 


0.7 


V350 Ori 


1113.77 


0.72 


0.05 


0.7 


0.2 


2.1 


0.4 


3.5 


0.2 


2.7 


0.3 




1114.76 


0.77 


0.05 


0.7 


0.2 


2.1 


0.5 


3.4 


0.2 


2.7 


0.2 


XYPer 


1024.73 


5.8 


0.4 





2 


21 


4 


35 


3 


28 


2 




1112.65 


7.2 


0.8 


4 


2 


19 


3 


31 


2 


24 


2 




1113.57 


8.0 


0.9 


6 


2 


19 


2 


36 


1 


28 


1 




1209.38 


4.0 


0.3 


1.9 


0.5 


6 


1 


23.4 


0.9 


20.1 


0.9 


VV Ser 


0949.56 


3.87 


0.07 


4.6 


0.8 


3.5 


0.5 


3.0 


0.2 


2.2 


0.2 




0950.62 


3.89 


0.07 


3.6 


0.6 


2.5 


0.9 


3.7 


0.3 


3.6 


0.5 




1024.48 


3.73 


0.07 


3.6 


0.6 


2.6 


0.5 


4.4 


0.4 


4.1 


0.5 




1111.30 


4.3 


0.3 


5.4 


0.9 


3.9 


0.5 


5.0 


0.2 


4.1 


0.4 




1112.31 


3.8 


0.2 


3.8 


0.8 


2.1 


0.5 


3.1 


0.3 


2.4 


0.2 




1113.30 


3.7 


0.2 


4.3 


0.7 


2.1 


0.5 


3.2 


0.2 


2.5 


0.2 




1114.31 


3.6 


0.2 


5.4 


0.8 


3.2 


0.5 


3.7 


0.2 


2.9 


0.2 


CQTau 


1111.74 


1.7 


0.2 


3 


1 


10 


3 


23 


2 


17 


1 




1112.76 


2.8 


0.4 


2 


1 





4 


23 


2 


17 


2 




1113.75 


2.9 


0.3 


2.4 


0.8 





4 


20 


2 


15 


1 




1114.73 


2.6 


0.2 


2.1 


0.7 


7 


4 


20 


1 


15 


1 




1209.60 


2.3 


0.1 


2.6 


0.8 


8 


2 


14.5 


0.7 


14 


1 


RRTau 


1111.73 


3.51 


0.08 


5.0 


0.7 


1.8 


0.3 


6.5 


0.3 


5.9 


0.4 




1112.77 


3.53 


0.09 


4.8 


0.6 


4.8 


0.4 


4.4 


0.3 


4.2 


0.4 




1113.78 


3.4 


0.1 


5.8 


0.8 


4.4 


0.5 


11.1 


0.5 


10.2 


0.6 




1114.75 


3.32 


0.05 


4.4 


0.7 


7.2 


0.5 


9.9 


0.4 


8.5 


0.5 




1209.61 


2.19 


0.08 


4.0 


0.4 


4.8 


0.6 


8.1 


0.4 


6.8 


0.8 


RYTau 


1111.62 


3.9 


0.1 


20 


3 


4 


1 


8.2 


0.7 


6.7 


0.8 




1112.59 


3.5 


0.2 


20 


3 


5 




8.2 


0.8 


6.8 


0.8 




1113.60 


3.8 


0.2 


21 


3 


3 




3.1 


0.5 


3.2 


0.5 




1114.59 


4.5 


0.2 


19 


3 


4 




5 


1 


6.0 


0.8 




1209.41 


4.10 


0.07 


21 


3 


2.9 


0.6 


5.6 


0.7 


5.2 


0.7 


PX Vul 


1024.51 


1.33 


0.05 


0.5 


0.2 


1.5 


0.3 


1.5 


0.2 


1.4 


0.1 




1111.34 


1.3 


0.1 


1.1 


0.3 


0.6 


0.1 


0.9 


0.1 


0.9 


0.1 




1112.34 


1.2 


0.1 


0.6 


0.2 


0.9 


0.2 


0.9 


0.1 


0.9 


0.1 
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Table A.2. continued. 



Star 


JD 


F 


SF 


F 


(5F 


F 


SF 


F 


SF 


F 


SF 




(+2450000) 


Ho- 


H« 


[Oi]6300 


[O i]6300 


He i5876 


He 15876 


NaiD 2 


NaiD, 


NaiDi 


NaiDi 






(xl0~ 12 ) 


(xKr 12 ) 


(xlO- 14 ) 


(xl0~ 14 ) 


(xl0~ 14 ) 


(xl0~ 14 ) 


(Xl0~ 14 ) 


(Xl0- 14 ) 


(xlO- 14 ) 


(xl0~ 14 ) 




1113.34 


1.34 


0.06 


1.0 


0.3 


1.8 


0.6 


1.2 


0.1 


1.1 


0.1 




1114.35 


1.4 


0.1 


0.8 


0.3 


0.3 


0.1 


0.8 


0.1 


0.8 


0.1 


WW Vul 


0949.53 


2.88 


0.07 


1.0 


0.1 


10.5 


0.6 


8.2 


0.4 


5.0 


0.3 




0950.54 


2.59 


0.08 


1.1 


0.1 


6.1 


0.8 


5.8 


0.4 


4.0 


0.3 




1111.32 


2.8 


0.1 


1.6 


0.5 


14.3 


0.7 


18.2 


0.5 


15.5 


0.5 




1112.33 


2.5 


0.1 


1.6 


0.3 


7.6 


0.7 


11.9 


0.8 


10.0 


0.8 




1113.32 


2.65 


0.07 


1.5 


0.2 


9.9 


0.4 


8.2 


0.2 


7.5 


0.3 




1114.33 


2.44 


0.04 


1.7 


0.3 


11.8 


0.4 


9.9 


0.3 


7.5 


0.2 


LkHa 234 


1111.39 


2.33 


0.04 


2.2 


0.3 


1.7 


0.2 


0.4 


0.2 


0.5 


0.2 




1112.44 


2.42 


0.08 


1.8 


0.3 


1.5 


0.2 


0.2 


0.1 


0.3 


0.1 




1113.44 


2.23 


0.06 


1.7 


0.3 


1.4 


0.1 


0.9 


0.2 


0.4 


0.2 




1114.42 


2.41 


0.07 


1.9 


0.2 


1.1 


0.1 


1.0 


0.2 


0.5 


0.1 



Notes to TablelA.2l Line fluxes and their uncertainties (F and <5F, r espectively, in erg cm' 2 s _1 ) derived from the equivalent 
widths in Table lATI and the simultaneous V and R magnitudes from Oudmaiieret ail (12001 1) . Flux uncertainties come from the 
propagation of the individual errors in the EWs and the magnitudes. Italic numbers refer to lines seen in absorption. ". . ." indicates 
that the line is not detected in any of the spectra of the corresponding star for which the fluxes can be derived. When a line is 
measured only in several spectra of a given object, upper limits are shown for the non-detections. 
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Appendix B: Mean spectra and relative variability distributions 
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SV Cep Jan 99 



5800 S000 6200 6400 

MX) 





5860 5880 5900 5920 



6290 6300 6310 
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6540 6555 6570 6585 
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T Ori Oct 98 
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V346 Ori Jan 99 
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VV Ser Oct 98 



6200 

A(A) 




5860 5880 5900 5920 



6290 6300 6310 
A. (A) 




6540 6555 6570 6585 
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Fig. Bl: For each star and observing campaign, the mean spectra and relative variability distributions are plotted on the left side. 
The HeI5876, NalD, [OI]6300 and Ha regions are enlarged on the right side, for a better visualization. The mean spectrum is 
given by l re i,k = ^■'Lf = ihk> and the relative variability by cr k /l re i,k, being cr k = t^jy-Z^Ia - hei,k) 2 ] 1/2 - The subindex k refers 
to each spectral bin and the subindex i to each one of the N spectra per observing campai gn. The relative vari ability plots provide 
information on the strength and wavelength position of the changes in the line intensity dJohns & Basri 1995b. 
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5840 5860 5880 5900 5920 



6290 6300 6310 
X(k) 
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UXOri*31-Jan-99(b)* 




u.7J 

5840 5860 5880 5900 5920 6290 6300 6310 6540 6555 6570 6585 5840 5860 5880 5900 5920 6290 6300 6310 6540 6555 6570 6585 

X (A) X (A) 



5840 5860 5880 5900 5920 



VV Ser »29-Iul-98 (a)« 
VV Ser »29-Jul-98 (b)« 
VV Ser *29-Jul-98 (c)» 



6290 6300 6310 
X(k) 





6540 6555 6570 6585 



5840 5860 5880 5900 5920 



6290 6300 6310 
X(k) 



6540 6555 6570 6585 



VVSer»31-Jul-98 (a)» 
VV Scr *31-Jul-98 (b)« 
WSer»31-Jul-98(c)» 




5840 5860 5880 5900 5920 6290 6300 6310 

X(A) 




6540 6555 6570 6585 



Fig. B2: Individual spectra taken within a time span of hours (i.e. during the same night) for the five objects monitored on this 
timescale. 
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